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INTRODUCTION 


The  High  Energy  Particle  Spectrometer  (SC-3)  and  Energetic  loif’ Composition 
Experiment  (SC-8)  mere  launched  in  January  1979  aboard  the  P78-2  apacecraft  as 
part  of  the  Spacecraft  Charging  AT  High  Altitudes  (SCATHA)  payload.  The  SCATHA 
instrument  complement  was  designed  to  study  apacecraft  responses  to  the  ambient 
environment,  particularly  the  electrical  charging  and  discharging  processes 
arising  from  natural  particle  fluxes  and  from  the  operation  of  onboard  electron 
and  ion  guns.  Instrumentation  Included  sensors  of  the  particle,  field,  and  wave 
environment;  monitors  of  transient  pulses,  surface  potential  and  contamination; 
and  electron  and  ions  guns  designed  to  actively  control  the  apacecraft  potential 
with  respect  to  the  surrounding  plasma.  Descriptions  of  the  instruments  have 
been  compiled  by  Stevens  and  Vampola  (1978). 

The  SC-3  high  energy  particle  spectrometer  uses  a  stacked  set  of  four  solid 
state  sensors.  Progranable  logic  combinations  of  the  four  sensors  are  used  to 
select  various  particle  types  and  energy  ranges  on  a  time  multiplexed  basis  and 
to  discriminate  against  unwanted  background.  Outputs  from  a  twelve  channel 
pulse  height  analyser,  set  to  the  desired  energy  range,  are  accumulated  in  0.5 
second  periods.  The  detector  normally  senses  electrons  from  0.05-5.0  MeV  and  16 
capable  of  measuring  protons  from  1-100  MeV  and  alpha  particles  from  6-60  MeV. 
The  three  degree  field  of  view  is  oriented  perpendicular  to  the  spacecraft  spin 
axis,  providing  good  pitch  angle  coverage.  Details  of  the  SC-3  Instrument  are 
given  in  Appendix  1,  which  has  been  excerpted  from  Stevens  and  Vampola  (1978). 

The  SC-8  energetic  ion  composition  experiment  has  3  detector  heads,  each 
using  a  crossed  electric  and  magnetic  field  velocity  filter  in  combination  with 
an  electrostatic  analyser  to  select  ions  of  the  desired  mass/eharge.  Ion  fluxes 
are  measured  in  24  energy  channels  covering  E/Q-0.1-32.  keV/e.  The  instrument's 


noraal  aass  range  of  0.8-80  AMO  la  covered  In  30  atepa.  In  addition,  fixed 
sagnetic  analyzers  measure  electrons  in  four  broad  bands  from  0.07  to  24  keV. 
808  is  oriented  79  degrees  from  the  spacecraft  spin  axis,  and  routinely  obtains 
good  coverage  of  fluxes  closely  aligned  with  the  magnetic  field.  Details  of  the 
808  Instrument  are  given  in  Appendix  2  which  has  been  excerpted  from  Stevens 
and  Vanpola  (1978). 

The  performance  of  the  S03  and  S08  instruments  has  been  excellent,  and  the 
instnncnti  are  continuing  to  acquire  data  at  this  tine.  Digitized  data  tapes 
are  available  for  all  days  from  launch  through  early  1980,  as  well  as  for  many 
later  periods. 

The  following  sections  of  the  report  summarize  the  principal  scientific 
results  which  have  been  obtained  to  date.  The  three  appendices  describe  the 
S03  and  S08  Instruments  and  provide  abstracts  of  all  publications. 

RESULTS  OF  THE  HIGH  ENERGY  PARTICLE  EXPERIMENT 

The  energetic  electron  intensities  measured  by  SC-3,  with  its 
fine-resolution  energy  spectra  and  pitch-angle  distributions,  have  been  used  to 
further  our  knowledge  of  the  radiation  environment  in  the  near-geosynchronous 
region,  spacecraft  charging,  and  wave-particle  interactions  that  enhance 
particle  precipitation. 

The  radial  profiles  and  energy  spectra  as  determined  from  SC-3  during  the 
SCATHA  transfer  orbit  have  been  compared  to  the  NASA  AE-4  and  AEI-7  HI/LO 
radiation  models  of  the  outer  belts  (Reagan  et  al.,  1981a).  Agreement  with  the 
AE-4  model  was  good  up  to  the  4  MeV  limit  of  the  model. 

The  SC-3  data  have  been  used  to  lnvestlgste  the  role  thst  energetic 
particles  in  the  substorm  plasma  have  on  the  charging  and  discharging  of  typical 


dielectric  layers  used  on  spacecraft  (Reagan  et  al. ,  1981b).  The  spectra  and 
pitch-angle  distributions  of  electrons  and  protons  were  used  to  study  the  tine 
periods  prior  to,  and  during,  a  few-kilovolt  differential  charging  event 
initiated  by  a  subs torn  while  the  SCATHA  spacecraft  was  in  the  eclipse  condition 
on  March  28,  1979.  The  data  used  in  the  analysis  Included  lower-energy  electron 
and  proton  neasurenents  frou  the  Lockheed  SC-8  ion  conposltlon  experiment.  The 
charging  current  density  carried  by  the  higher-energy  electrons  was  found  to  be 
within  a  factor  of  5  of  the  aaxlnuai  allowable  trapping  Unit  according  to 
experlaental  verifications  of  the  Kennel-Pet schek  theory. 

During  the  period  of  June  11  to  14,  1980,  fluxes  of  high  energy  electrons  (1 
to  5  MeV)  were  greatly  intensified  In  the  near-geosynchronous  region  following  a 
magnetic  storm  (Gaines  et  al.  1981).  The  flux  on  June  14  has  been  the  hardest 
yet  seen  by  SC-3.  It  was  concluded  that  damage  due  to  short-term  effects,  such 
as  charging  and  possible  rapid  discharging  In  dielectrics  frou  the  accumulation 
of  electrons  stopped  in  the  material  In  a  period  of  the  order  of  a  day,  was  more 
likely  than  total  dose  damage  over  the  few  days  duration  of  high,  hard  flux 
levels. 

The  range  and  limits  on  the  space  charging  electron  currents  available  in 

the  near-geosynchronous  orbit  were  identified  from  a  large  SC-3  data  base 

(Reagan  et  al.,  1983).  The  most  intense  current  densities  observed  were  0.8 
2  2 

nA/cm  at  1  keV  and  0.5  pA/em  at  1  MeV.  These  establish  an  upper  limit  to 
which  spacecraft  need  to  be  tested  In  order  to  withstand  space  charging 
currents.  The  effects  of  these  currents  on  both  surface  and  Internal  charging 
of  dielectrics  have  been  modeled.  The  electric  field  strengths  were  near  minimum 
breakdown  level,  but  the  transient  pulses  observed  on  SCATHA  may  be  associated 
with  the  internal  redistribution  of  these  fields.  This  can  occur  at  the  times  of 
large  and  rapid  flux  changes  or  at  the  times  that  heavy  cosmic-ray  tracks 
locally  discharge  the  highly  charged  dielectrics. 


In  studying  the  behavior  of  trapped  electrons  near  the  Kennel-Pet schek 
trapping  Unit,  the  SC-3  energetic  electron  data  have  been  utilised  to 
demonstrate  and  confirm  that  the  energy-dependent  flux  limit  Is  wery  sensitive 
to  .-the  electron  flux  anisotropy  and  to  the  plasma  conditions  (Davidson  et  al. , 
1984).  In  every  one  of  12  cases  selected  from  the  SC-3  data  for  analysis  in  this 
study,  a  limited  energy  range  was  found  where  flux  limiting  appeared  to  be 
acting.  This  Included  moderately  quiet  times,  when  the  flux  limiting  region  was 
typically  from  tens  of  keV  to  several  hundred  keV;  high  flux  events,  when  the 
limiting  region  was  from  >  50  keV  to  several  hundred  keV;  and  hard-spectrum 
cases,  where  flux  limiting  sppeared  to  be  sctlng  from  several  hundred  keV  to 
beyond  1  MeV.  The  Increases  in  the  energetic  electron  flux  and  the  build-up  of 
the  low  energy  plasma  followed  by  short  periods  of  filled  loss  cones  provides 
direct  evidence  for  strong  diffusion  In  the  radiation  belts. 

A  study  of  three  coordinated  observations  of  precipitating  energetic 
electrons  during  moderate  to  active  times  (Kp  *  3  to  6)  using  the  near- 
geosynchronous  SCATHA  spacecraft  and  the  low  altitude  ("600  km),  polar  orbiting 
F78-1  satellite  was  carried  out  (Filbert  et  al.,  1984).  The  Lockheed  instrument 
package  on  P78-1  Included  two  energetic  electron  detectors  at  high  and  low 
sensitivity  over  the  energy  range  of  “60  keV  to  1.2  MeV.  Comparisons  of  the 
temporal  flux  profiles,  energy  spectra  and  pitch-angle  distributions  for 
electrons  measured  by  P78-1  and  SC-3  on  SCATHA  were  made  near  the  magnetic  and 
temporal  conjugacy  as  determined  by  the  Olsen-Pfltzer  geomagnetic  field  model. 
In  two  of  the  cases  studied  the  same  flux  level,  spectral  shape  and  e-foldlng 
energy  for  the  two  satellite  data  sets  were  obtained  within  51  of  the  L-shell 
predicted  by  the  model,  even  though  there  was  moderate  to  intense  geomagnetic 
activity.  Some  differences  appeared  In  the  third  case.  All  three  cases  showed 
flux  limiting  over  some  portion  of  the  energy  range. 


Satellite  bremsstrahlung  x-ray  measurements  on  the  P78-1  spacecraft  have 
been  compared  to  direct  electron  (>68  keV)  measurements  on  board  P78-1  (Imhof  et 
el.  ,  1982b)  and  to  coordinated  electron  (47-66  keV)  measurements  from  the  SC-3 
SCATHA  experiment  (Imhof  et  al.,  1982a),  as  well  as  from  balloon  and  rlometer 
measurements.  The  remote  sensing  of  precipitating  energetic  electrons  by  the 
measurement  of  bremsstrahlung  x  rays  over  much  larger  spatial  regions  than 
provided  by  the  In  situ  observations  of  the  electrons  at  the  spacecraft  provides 
new  Insight  Into  the  understanding  of  the  detailed  temporal  occurrences  of 
electron  precipitation  during  magnetosperlc  substorms. 

Over  8  months  of  spin-averaged  SC-3  energetic  electron  fluxes  have  been 
processed  into  a  computer  data  base,  ready  for  further  analysis.  This  data  base 
has  been  the  starting  point  for  several  of  the  above  studies  and  should  continue 
to  be  useful  In  further  studies  of  the  dynamic  outer  radiation  belt  region, 
spacecraft  charging  and  wave-particle  Interactions  that  enhance  particle 
precipitation. 

RESULTS  OF  THE  ENERGETIC  ION  COMPOSITION  EXPERIMENT 

The  SC-8  lnstrment  provided  the  first  Ion  composition  data  with  routine 
pitch  angle  coverage  in  the  region  near  geosynchronous  orbit.  The  5  degree  FWHM 
pitch  angle  resolution  has  allowed  exploration  of  many  of  the  highly  anisotropic 
particle  populations  which  are  observed  in  this  region  of  space.  In  addition, 
SC-8  extended  the  range  of  hot  plasma  composition  measurements  upward  by  a 
factor  of  two,  to  32  keV/e. 

Analyses  of  this  unique  data  set  have  addressed  a  wide  range  of  problems, 
ranging  from  specific  particle  energisation  processes  to  spacecraft-environment 
Interactions  to  global  magnetospherlc  plasma  circulation.  The  results  of  these 


studies  may  be  broadly  grouped  Into  four  categories:  l)Plasna  Injection  and 
transport,  2 )De tailed  structure  of  plasma  distributions,  3)The  hot  plasma 
environment  and  spacecraft  Interactions,  and  4>Global  synthesis -of^ion 

couposltlon  results.  The  contributions  In  each  of  these  areas  are  summarized 
below. 

Plasna  Injection  and  Transport 


One  fundanental  contribution  of  Ion  composition  data  la  the  ability  to 
differentiate  plasmas  of  different  sources  (ultlaately  of  solar  wind  or 
ionospheric  origin)  by  measuring  the  relative  abundances  of  certain 
characteristic  species.  This  ability  Is  crucial  In  understanding  the  transport, 
energization,  and  loss  histories  of  various  plasma  components.  It  has  long  been 
known  that  at  the  time  of  magnetospherlc  substorms,  fresh  energetic  plasma  is 
observed  In  the  vicinity  of  geosynchronous  orbit.  This  plasma  Is  "Injected"  by 
some  combination  of  Ionospheric  upflow,  local  energization,  and  Inward  transport 
from  the  plasma  sheet.  The  capability  to  differentiate  Ion  species  has  been 
exploited  within  the  SC-8  data  to  Investigate  the  processes  by  which  plasma 
Injection  Into  the  magnetospherlc  population  occurs. 

The  dispersion  of  substorm  Injected  Ions  was  analyzed  for  species  and  pitch 
angle  variations  In  two  events  for  which  SCATHA  was  moving  through  the  noon  to 
dusk  local  ttae  sector  (Strangeway  and  Johnson,  1983a).  A  clear  dispersion  ridge 
was. observed  for  both  H+  and  0+.  At  low  pitch  angles,  H+  ions  were  found  to 
arrive  at  the  spacecraft  consistently  ahead  of  0+ .  Prior  to  each  of  the 
dispersion  events.  It  was  noted  that  both  species  were  greatly  depleted  In  the 
dayslde  magnetosphere.  The  dispersion  features  were  proposed  to  be  primarily  the 
result  of  direct  Ionospheric  Injection,  with  more  energetic  protons  coming  from 
the  plasma  sheet. 


Another  Ion  dispersion  event  was  analysed  and  compared  with  predictions  of 
the  Injection  boundary  model,  in  which  plasma  is  assumed  to  be  Injected  in  the 
region  tallvard  of  a  spiral  shaped  boundary  in  the  nlghtside  magnetosphere 
(Strangeway  and  Johnson,  1983b).  It  was  concluded  that  the  injection  boundary 
Indeed  provides  a  fairly  good  representation  of  the  inner  limit  of  ion 
injection. 

A  class  of  particularly  Intense  field-aligned  ions  were  observed  to  occur  in 
association  with  some  of  the  substorm  ion  injection  events  (Quinn  and  Johnson, 
1984).  These  ions  have  a  much  narrower  energy-time  dispersion  signature  than  the 
previously  described  events,  and  thus  correspond  to  a  very  limited  source 
region.  Detailed  comparison  of  this  narrow  signature  with  model  dispersions  and 
with  plasma  data  from  the  DCSD  SC-9  instrument  show  that  the  ions  have  a 
particularily  strong  source  at  the  Innermost  edge  of  the  broad  Injection  region. 
This  source  is  most  likely  a  region  of  direct  ionospheric  injection. 

In  addition  to  substorm  ion  Injection,  SC-8  data  have  been  used  to 
Investigate  injection  and  convection  at  the  time  of  magnetospheric  storms. 
Ionospheric  plasma  injection  was  studied  during  a  storm  period  using  data  from 
both  S3-3  and  SCATHA  (Strangeway  and  Johnson,  1984).  Large  amounts  of 
ionospheric  plasma  were  observed  at  both  spacecraft  around  the  main  phase  of  the 
storm  and,  at  SCATHA,  0*  was  found  to  be  a  major  component  in  terms  of  both 
density  and  energy  density.  Radially  dependent  features  observed  in  the  S3-3 
data  were  explained  by  convection  and  tlsre  of  flight  effects,  and  SCATHA 
observations  were  used  to  infer  multiple  injections  of  plasma  on  the  nlghtside. 


Detailed  Structure  of  Plasma  Distributions 


The  sometimes  highly  tine-dependent  waves  and  fields  which  take  part  in  the 
energisation  and  transport  of  nagnetospheric  plasmas  often  leave  distinct 
signatures  in  the  particle  distribution  functions.  A  detailed  investigation  of 
such  signatures  in  various  ion  species  can  provide  valuable  knowledge  about 
these  processes  -  even  those  which  nay  occur  at  some  distance  from  the  point  of 
observation. 

One  very  common  distribution  consists  of  field-aligned  ions  at  energies 
below  several  keV,  with  more  energetic  ions  having  peak  fluxes  at  90  degrees 
pitch  angle.  SC-8  data  have  shown  that  the  low  energy  portion  of  this  "zipper 
distribution"  is  doninated  by  0+,  while  H+  dominates  the  higher  energies  (Kaye 
et  al.t  1981b).  These  data  imply  an  ionospheric  source  for  the  low  energy 
field-aligned  ions  and  a  plasma  sheet  source  at  higher  energies. 

In  addition  to  the  fairly  stable  field-aligned  ions  seen  in  the  zipper 
distribution,  short-lived  bursts  were  also  observed  (Kaye  et  a 1.,  1981a).  The 
bursts  were  predominately  0+  with  some  H+  and  had  characteristic  lifetimes  of 
minutes.  Average  burst  energy  was  near  1  keV  and  the  pitch  angle  width  was 
typically  5-25  degrees.  The  data  suggested  that  significant  velocity  space 
diffusion  affected  the  burst  ions  at  latitudes  near  the  geomagnetic  equator. 

An  exception  to  the  usual  rule  of  field-aligned  ions  at  low  energies  is  the 
highly  anisotropic,  very  Intense  population  of  ions  which  is  sometimes  observed 
within  a  few  degrees  of  the  geomagnetic  equator.  SCATHA  observations  found  that 
.these  ions  are  dominated  by  protons  at  energies  above  the  measurement  limit  of 
100  eV  (Quinn  and  Johnson,  1982).  The  composition  of  these  ions  was  somewhat 


surprising  in  that  previous  theoretical  work  had  suggested  that  wave  heating 
processes  would  leave  an  equatorial  population  of  He+.  In  fact,  the  He+ 


component  of  the  equatorial!?  trapped  population  was  not  significant  In  any  of 


the  8  caseB  studied. 

The  observed  variations  In  measured  Ion  distributions  due  to  Interactions 
with  a  large  scale  hydromagnetlc  wave  were  used  to  Investigate  both  the  radial 
gradient  of  Ion  phase  space  density  and  properties  of  the  wave  Itself  (Kaye  and 
Shelley,  1981).  It  was  found  for  the  case  studied  that  the  radial  gradient  of 
phase  apace  density  was  negative  for  both  H+  and  0* ,  and  that  the  spatial  scale 
length  of  the  gradient  was  several  earth  radii.  The  deduced  azimuthal  wave 
electric  field  of  approximately  10  mV/m  was  sufficient  to  displace  plasma  about 

1.5  earth  radii  during  an  oscillation. 

The  Hot  Plasma  Environment  and  Spacecraft  Interactions 

There  Is  a  good  deal  of  Interest  among  spacecraft  designers  and  operators, 
as  well  as  within  the  scientific  community.  In  obtaining  an  accurate 
specification  of  the  space  environment  and  In  understanding  the  Interactions  of 
this  environment  with  spacecraft  systems.  Ion  composition  data  are  required  to 
understand  surface  Interactions  and  to  properly  determine  ambient  densities.  One 
particularly  important  spacecraft -environment  Interaction  Is  the  electrostatic 
charging  and  discharging  of  surfaces  (dominated  by  particles  with  energies  below 
a  few  keV)  and  of  internal  dielectrics  (dominated  by  more  energetic  particles). 
The  SCATHA  data  have  been  analyzed  to  provide  specific  information  on  the 
environment  with  regard  to  spacecraft  interactions  (Johnson,  1981;  Sharp  et  al., 
1984).  Also,  the  composition  of  ion  fluxes  to  the  spacecraft  during  a  charging 
event  have  been  studied  (Johnson  et  al.,  1981). 
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9.  SC3  HIGH  ENERGY  PARTICLE  SPECTROMETER 


9.1  SCIENTIFIC  OBJECTIVES 

Tk  PRIMARY  GOALS  OF  IK  S3  PAYLOAD  ARE  TO  MAKE 
ENERGETIC  ELECTRON  AND  PROTON  KASUAEKNTS  THAT 
ARE  NEEDED  TO  WET  IK  OBJECTIVES  OF  TK 
SPACECRAFT  CHARGING  PROGRAM.  T*  EKRGETIC 
ELECTRON  FLUX  AT  KAR-$YNCHR0N0U$  ALT!  TIDES 
EXHIBITS  PROKXMCED  PITCH-ANGLE.  DIURNAL  AN)  SOLAR 
ROTATION  DEPENDENCES.  AN)  IS  HIWLY  DYNAMIC  IN 
TIME.  Tk  ENERGETIC  ELECTRONS  BEHAVE  DIFFERENTLY 
IN  MANY  NAYS  FROM  TK  10TEKRGY  ELECTRONS  AN). 

therefore,  kasureknts  obtained  with  tk  93 

SPECTROMETER  HILL  COKLEKNT  IK  KASUREKNTS  MADE 
AT  LONER  EKRGIES  BY  OTKR  EXPERIMENTS  ON  TK 

P78-2  SPACEFLiorr.  One  application  to  tk 
Spacecraft  Charging  mission  is  tk  kasukknt  of 

FLUX  INTENSITIES  OF  PENL  THAT  I N3  EKRGETIC 


ELECTRONS  TO  DETERM  IK  NHETK®  ANOMALOUS  CHARGING 
OF  COAXIAL  CABLES  IN  SPACECRAFT  IS  A  SOURCE  OF 
SYSTEM  NOISE. 

A  KN3NLEDGE  OF  TK  FLUXES.  SPECTRA.  AND 
PITCH- ANGLE  DISTRIBUTIONS  OF  TK  EKRGETIC 
ELECTRONS  AT  ICAR-EQUATORIAL  ALT!  TIDES  CN  HUH 
l-SKLLS  IS  ESSENTIAL  TO  AN  UNDERSTANDING  OF 
ENVIRONMENTAL  EFFECTS  ON  0 J  AND  VIF 
COKUN I  CATIONS.  TKSE  COftlN  I  CATIONS  ARE  AFFECTED 
BY  NATURALLY-OCCURRING  AM)  KTIFICIALLY-UOUCED 
NAVE-PARTICLE  INTERACTIONS  TNAOUH  TRANSFER  OF 
NAVE  EKRGY  TO  PARTICLE  EKRGY.  PERTURBATION  OF 
TK  PARTICLE  0CRGY  OR  PITWANGLE  DISTRIBUTION  AS 
A  RESULT  OF  SUCH  INTERACTIONS  EMUUCES  PARTICLE 
PRECIPITATION  FROM  TK  RADIATION  BELTS.  WICH 
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SUBSEQUENTLY  AFFECTS  UPCWAVELENGW  COHUN I  CATION 
SYSTEMS  AVERSELY.  PAYLOADS  ON  TVE  P78~2 
SPACEFLIGHT  SIMULTANEOUSLY  ICASURE  DC  DETAILED 
MARAFCTERS  OF  WE  BCRGETIC  ELECTRON  POPULATION, 
WE  COLD  PLASMA  BMROWCNT,  AN)  TVC  ELECTRIC  AN) 
..’magnetic  FIELD  Bf/IROWCNT  nar-synchronous 
EQUATORIAL  ALTITUDES  AT  ALL  LOCAL  TIFCS  UNDER  A 
VARIETY  OF  NATURALLY'OCURR  I  NS  *#VE  CONDITICNS. 

The  S3  spec tmje ter.  in  conjunction  niw  u» 
ENERGY  ELECTRON  FCASIPCICNTS  IN  DC  SC5  AN)  SC9 
PAYLOADS,  MILL  DEFUC  T>C  TRAPPED  ELECTRON 
BWIROFMOT  THAT  INTERACTS  NIW  TVC  NAVE 
ENVIROMCNT  AS  VCASURED  BY  TVC  ELECTRIC  AN) 
MGrCTIC  HELD  FAYLOADS,  SCI,  SC1D,  AND  SOI, 
UNDER  WELL-DEFINED  COLD  PLAKA  COTCITIONS  THAT  ARE 
KASURED  BY  TVC  SOS  AND  SC7  PAYLOADS.  TlC 
KNWLEDGE  OBTAIICD  FROM  SUCH  A  SIHJLTAfCOUS  STUDY 
SHOULD  LEAD  TO  A  BETTER  UK3ER STANDING  OF  BOW 
NATURAL  AN)  MAN-MADE  ELF  AN)  VLF  NAVE  INTERACTIONS 
WITH  TRAPPED  PARTICLES  IN  TVC  MAGVCTDSMCRE  AND  TO 
TVC  SUBSEQUENT  EFFECTS  OF  SUCH  INTERACTIONS  ON  TVC 
IONOSPHERE. 

The  S3  payload  will  fcasure  the  electron 

ENVIROHCNT  WIW  GOOD  EfCRGY  RESOUJT1CN  IN  TVC 
ENERGY  REGION  (1.5  ftV)  AT  WE  TIME  OF  SOLAR 
HAXIHF1  CONJITIONS.  TvC  ENBtGETIC  ELECTRONS  IN 
WIS  ORBIT  CONSTITUTE  A  POTENTIAL  HAZARD  TO  TVC 
ELECTRONIC  COTTOCNTS  USED  IN  BOTH  TVC  PAYLOADS 
AND  TVC  SPACECRAFT.  OUTPUTS  FROM  TVC  SC3  PAYLOAD 
WILL  BE  USED  TO  DETERMINE  IN  ICAR  REALTIIC  WE 
ENVIROWCNT  AN)  RADIATION  DOSE  ACQUIRED  BY  TVC 
SPACECRAFT  BWIVO  VARIOUS  SHIELDING  WICIOCSS. 
TvCSE  DATA  MIL  BE  USED  FOR  TVC  P78'2  SPACEFLHKT 
DEGRADATION  CALCULATIONS  AN)  TO  IfFRCVE  THE 
RADIATION  MODELS  FOR  SUBSEQUENT  MISSIONS. 

At  DC  TIFES  OF  SOLAR  PARTICLE  EVENTS  WAT  REACH 
WE  EARW,  OCR  GET  I C  SOLAR  PROTONS,  ELECTRONS,  AN) 
ALPHA  PARTICLES  TYPICALLY  HAVE  HIGHLY  EFFICIENT 
-  ACCESS  TO  DC  FEAR-GEOSYNCHRONOUS  ORBIT.  TvCY  MAY 
SIGNIFICANTLY  ALTER  DC  ENERGETIC  PLASMA 

COFCOSITICN.  Tic  93  spectroicter  will  feasipc 

TVCSE  ENERGETIC  SOLAR  PARTICLES  AN)  DCIR 
CONTRIBUTIONS  TO  DC  BACKGROUNDS  AN)  RADIATION 
DOSE  IN  DC  OTHER  ELEMENTS  OF  DC  P73-2 
SPACEFLKXT.  TlC  S3  INSTRlfCNT  ICA  SINES  DC 
FUBCS,  SPECTRA,  AN)  PITCH-ANGLE  DISTRIBUTION  OF 
DC  OCRGETIC  PLASMA  in  DC  DCRGY  RANGE  50  KEV  TO 


5100  KEV  AND  DC  INTEGRAL  FLUK  BETWEEN  5100  KEV 
an>  10,000  keV.  In  adoitkw.  dc  instriacnt 

FCASURES  WE  PROTtM  ENYIR0NSNT  AT  EICRGIES 
KDCEN  1-200  PtV  AN)  DC  ALPHA  PARTICLE 
Bf/IRCNCNT  BETWEEN  6*60  DURING  SOLAR  PARTICLE 
EVENTS.  TVC  FCASUREICNTS  ARE  MADE  MW  A  PITCH 
ANGLE  FC  SOLUTION  OF  3  DEG 

(full-mdw-at-half-maxinjh).  Tic  bcrgy  spectra 

APE  OBTAIICD  NIW  A  12-CHAMCL  PULSE  ICIGHT 
ANALYZER  THAT  CAN  BE  PROGRANCD  BY  COfMAND  TO 
COVER  A  NARROY  OR  MDE  EfCRGY  RANGE.  In  WIS 
HkNfCR,  BOW  COFFLETE  SPIVEY  DATA  AND  HIW 
1C  SCUm  ON  SPECTRAL  DATA  CAN  BE  OBTAIICD  ON 
COFHAND. 

9 2  MEASURING  TECHNIQUE 

Tic  basic  fcasipefcnt  technique  is  a  solid-state 

PARTICLE  SPgDPCTER  CONSISTING  OF  FOUR  SENSOR 
ELEfCNTS.  A  LUC  DRAWING  OF  DC  SPECTROICTER  IS 

shoyn  in  Figure  9.1.  Various  logic  cwci nations 

OF  DC  FOUR  SENSORS  IN  DC  INSTRUMENT  ARE  USED  TO 
DETERMIIC  DC  PARTICLE  TYPES  AfO  EfCRGY  RANGES. 

Tic  various  particle  types  and  etcrgy  ranges  are 

MEASURED  IN  SEVERAL  TIHEflLTI  FLEXED  MODES  OF 
OPERATION  WAT  ARE  COFtWBTSELECTABLE. 

Tic  Dtjetbctor,  much  is  2D0^m  wick  intrinsic 

Si,  IS  USB)  TO  ICASURE  BOW  DC  RATE  OF  ENERGY 
LOSS  OF  DC  HIGHER  EfCRGY  PARTICLES  AM)  TD 
DIRECTLY  STOP  AM)  ICASURE  DC  LOCR  EfCRGY 

particles.  Tic  E-detector,  much  consists  of  five 
2  m  wick  detectors  in  parallel,  is  located 

■WHO  DC  D-DETBCTGR  TO  STOP  DC  HKWER  ENERGY 
PARTICLES  AM)  TO  MEASIPC  WEIR  TOTAL  ENERGY  LOSS. 

Tic  E'-oetbctor.  which  is  1000  microns  wick,  is 

LOCATED  BEHIM)  THE  EtETECTOR  AND  IS  USED  AS  AN 
ACTIVE  COLLIMATOR.  B&tUO  DC  E'-DETBCTOR  IS  A 
TUNGSTEN  ABSORBER  THAT  SETS  DC  UPPER  EfCRGY  LIMIT 
FOR  ANALYSIS.  ALL  OF  TVCSE  DETECTORS  ARE 
FABRICATED  OF  SURFKE-BARRIER  SILICON  AND  ARE 
STACKED  TOGETHER  IN  A  TELESCOPE  CONFIGURATION. 

Tic  entire  stack  is  surroumed  by  the  A-detectdr, 

MUCH  CONSISTS  OF  PLASTIC  SCINTILLATOR  VI BCD  BY  A 
FHOTOFU.TIPLIER  TLBE.  TlC  PURPOSE  OF  DC 
A-ANTI COINCIDENCE  DETECTOR  IS  TO  SENSE  AM)  REJECT 
BCR  GET  I C  PARTICLES  AM)  BPEfCSWAHLUNG  THAT 
PEfCTRATE  EITHER  DC  OUTER  WIELDING  MALLS  OF 
ALUM1HJM  AFC  DPCSTEN  OR  TVC  SILICON  DETECTOR 
STACK  AM)  ABSORBER.  TlC  SENSOR  STACK  IS  LOCATED 
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SEHIM)  A  LONG.  NARROW  COLLIMATOR  THAT  DEFIES  THE 
3  DEG  FIELD  OF  VIEW. 

9.3  FUNCTIONAL  BLOCK  DIAGRAM 
A  FUNCTIONAL  BLOCK  DIAGRAM  OF  TVC  SG  1NSTOUENT 

is  shown  in  Figure  9.2.  Tic  hbtrunent  operates 
FROM  A  2048-bit  semiconductor  nembty  (CFOS)  THAT 

IS  STRUCTURED  INTO  256  8-BIT  WORDS  THAT  ARE 
INDIVIDUALLY  ADDRESSABLE  AND  LOADABLE  VIA  9*311 
SERIAL-DIGITAL  CONfWDS  (MAGNITUDE  CONtWDS). 

Four  of  these  words  (32-bit  control  register) 

COPCLETELY  DEFINE  ONE  OPERATING  MODE  OF  THE 
INSTRUENT.  A  TOE  IS  DEFINED  BY  SPECIFYING  THE 
LOGIC  CONDITIONS  (CDINCIDENCe/aNTICOINCIDECE). 
GAIN.  AND  ENERGY  THRESHOLDS  REQUIRED  KTWEEN  THE 
FOUR  SENSOR  ELENENTS  (D.  E.  E',  A)  ID  UNIQUELY 
ESTABLISH  A  PARTICLE  TYPE  AND  ENERGY  RANGE  FOR 
ANALYSIS.  A  CHOICE  OF  TWO  MELIFIER  GAIN  SETTINGS 
FOR  INC  D-  AND  EtETBCTORS  1$  AVAILABLE.  THE 
LOWER  AND  UPPER  BERGY  BRESHOLDS  SELECTED  FOR 
ANALYSIS  BY  TIC  12"OW*EL  PULSE "VE I GHT* ANALYZER 
(PHA)  ARE  DETERMINED  TO  8*BIT  MO  6-BIT 
RESOUmON.  RESPECTIVELY.  EITHER  RE  D"  OR 
E-DETECTDR  IS  SELECTABLE  AT  ANY  TINE  FOR  ANALYSIS 
BY  DC  PHA  THROUGH  THE  NU.TIPUEXER.  The  ENERGY 
THRESHOLD  OF  TIE  SENSOR  NOT  SELECTED  FOR  ANALYSIS 
CAN  BE  SET  TO  8*BIT  RESOLUTION. 

ElOfT  OF  DCSE  MODES  CONERISE  ONE  PAGE  OF  NCMORY 
AND  EIGHT  PAGES  CONSTITUTE  DC  CONELETE  NCMORY. 
TO  LOAD  THE  CCNELETE  NCMORY  REQUIRES  512  CONtWNDS 
(ADDRESS  ♦  DATA)  AND  512  SECONDS  AT  A  CONTENDING 
RATE  OF  ONE  FBI  SECOND.  EACH  PAGE  OF  NWORY  CAN 
K  STRUCTURED  TO  OEHASI2E  ONE  PARTICLE  TYPE 
(I.E..  ELECTRONS)  OR  ALL  PARTICLE  TYPES/  TO 


CONCENTRATE  ON  SPECIAL  EVENTS.  SUCH  AS  SOU? 
PARTICLE  EVERTS;  OR  TO  DWELL  CN  A  NARROW  ENERGY 
REGION  OF  INTEREST  WITH  ANY  PARTICLE  TYPE.  The 
CONfWDASLE  OPTIONS  ARE  EXTENSIVE  BUT  AN  OPTIMJM 
OPERATING  CCNGFIGURATION  WILL  BE  LOADED  INITIALLY 
AND  ADJUSTED  AS  CONDITIONS  DICTATE. 

Once  tie  instrunent  nemory  is  loaded,  operation 

FROM  ANY  PAGE  IS  SELECTAILE  BY  A  SUBSEQUENT 
INSTRUCTION  MAGNITUDE  CONtlANO  (INST).  EACH  9*5 IT 
INST  CONtWND  ALSO  SELECTS  HE  DWELL  TINE  THAT  THE 
INSTRUNENT  WILL  REMAIN  IN  EACH  FOIE  AS  IT  CYCLES 
THROUGH  BE  NEMORY  PAGE.  TlMES  OF  8.  16.  32.  AND 
64  SEC  ARE  POSSIBLE.  SINCE  BE  SATELLITE  SPIN 
RATE  IS  1  RPM.  BE  LONGEST  DELL  TINE  CORRESPODS 
APPROXIMATELY  TO  ONE  SPIN  PERIOD.  DWELL  TINES  AS 
SNORT  AS  ONE-EIONBN  OF  A  SPIN  PERIOD  ARE. 
THEREFORE.  ALSO  POSSIBLE.  THE  ABILITY  TO 
CALIBRATE  BE  INSTRUNENT  WITH  AN  INTERNAL  PULSE 
GENERATTR  SYSTEM  IS  SELECTABLE  BY  ONE  BIT  OF  THE 
WST  OONtNANO.  TnE  ORDER  OF  BE  DIGITAL  DATA 
OUTRIT  FROM  be  8PCTH0METER  IS  ALSO  SELECTABLE. 
A  PRIMARY  FORMAT  IS  USED  UNLESS  SOME  FAILURE 
OCCURS  IN  BE  READOUT  CIRCUITRY  AT  WHICH  TINE  A 
SECONDARY  FORMAT  IS  AVAILABLE.  TnE  ABILITY  TO 
SELECT  A  HARDWIRED  BACKUP  FOEE  IS  ALSO  AVAILABLE 
SNOULD  A  MAJOR  FAILURE  OCCUR  IN  BE  MEMORY 
OPERATION.  TNE  HARDWIRED  BACXLP  FOIE  NEASURES  THE 
WISER  BERGY  ELECTRONS  (300-5100  KEV)  AND  IS 
INDEPENDENT  OF  BE  NEMWY.  TnE  INSTRlfENT 
OPERATES  IN  THIS  CONDITION  AUTOMATICALLY  MENEVER 
BE  NEMORY  IS  BEING  LOADED  OR  DISABLES.  DIGITAL 
SI6NALS  FROM  BE  POUR  SNSORS  ARE  APPLIED  TO  A 
COINCIDENCE  LOGIC  UNIT  MERE  BEY  ARE  TESTED 
AGAINST  BE  CONDITIONS  SPECIFIED  IN  BE  CONtWC  TO 
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Figure  9.2.  Functional  Block  Diagram 


IWiaUELY  MEASURE  A  CERTAIN  PARTICLE  TYPE  AND 
ENERGY  RANGE.  TlC  LOGIC  CONDITIONS  REQUIRED  TO 
MEASURE  T>€  VARIOUS  PARTICLES  AMD  ENERGIES  OF 
INTEREST  ARE  SOWN  IN  TABLE  9.1.  THE  S^SCRIRTS 
CN  TVC  SENSOR  NOTATION  REFER  TO  THE  LOWER  ENERGY 
THRESHOLDS  REQUIRED  TO  ESTABLISH  THE  CORRECT 
ENERGY  RANGE.  Hl«  AWLIF1ER  GAIN  IS  REQUIRED  IN 
THE  ELECTRON  MODES  OF  OPERATION  SINCE  TVC 
EICRGIES  INVOLVED  ARE  CONSIDERABLY  BELOW  THOSE  OF 
THE  PROTONS  AND  ALPHA  PARTICLES  VCASURED.  BARS 
(VER  A  SENSOR  NOTATION  IMHCATE  AN  ANTICOINCIDENCE 

cotomoN  (no  signal)  mjst  be  present  from  that 

SENSOR  TO  SATISFY  THE  LOGIC.  The  PLASTIC 
SCINTILLATOR.  A,  IS  ALVAYS  USED  IN  AN  ANTI¬ 
COINCIDENCE  mode.  The  E'-detbctcr  is  used  to 

DETECT  AND  VCASUC  THE  BCRGETIC  ELECTRONS  BETWEEN 

5100  ant  10.000  keV.  where  nc  upper  energy  is 

DETERMINED  BY  TVC  TUNGSTEN  ABSORBER  BB4IN)  TVC 
SENSOR  AN)  IN  FRONT  OF  THE  ANTICOINCIDENCE 
SCINTILLATOR  (FIGURE  9.1).  TlC  E'-OETECTOR  IS 
ALSO  USED  TO  DETECT  AN)  COLLIMATE  TVC  HIGVCST 
BCR  GY  PROTONS  BUT  ANALYSIS  IS  PERFORfCD  IN  TVC 
NONLIICAR  PORTIOI  OF  TVC  EtCTBCTOR. 

Signals  from  tvc  sensor  selected  for  analysis  that 

SATISFY  ALL  TVC  LOGIC  COMMIT ONS  ARE  ROUT®  TO  TVC 
12-OWRCL  DIFFERENTIAL  PHA  AFTER  BEING  STRETO© 


IN  TBC.  Tvc  PHA  IS  A  13-LEVEL  covparatcf  stack 
WITH  THE  LOCR  AND  UPPER  LEVEL  REFERENCES 
DETERMINED  BY  CCItlAND.  The  LOWER  LEVEL  REFERENCE 
CAN  BE  SET  TO  1~PART- IN-256  (8ulT)  OF  THE 

AH>LIFIER  RANGE  WHILE  TIC  UPPER  LEVEL  CAN  BE  SET 
AND  RE90LV®  TO  1-PART-IN“64  (6-BIT)  OF  DC 

RANGE.  ALL  AVCLIFIER  PULSES  BETWEEN  DC  LOWER  AND 
UPPER  REFERENCE  LEVELS  ARE  ANALYZED  INTO  12 
EQUAL-WIDTH  VOLTAGE  BINS.  BASIC  ANALYSIS  TIVC  IS 

496  wec.  The  reference  levels  can  be  set  as 

CLOSE  AS  TVC  BASIC  RESOLUTION  AN)  STABILITY  OF  THE 

PHA  SYSTEM  Q-part-in-256)  in  crder  to  achieve 

HIGH  ENERGY  RESOLUTION  OVER  A  LIMIT®  ENERGY 

range.  Alternately,  dc  levels  can  be  set  over  a 

WIDER  RANGE  WITH  BROADER  ETCRGY  RESOLUTION  IN 
ORDER  TO  OBTAIN  BETTER  STATISTICS. 

Table  9.1 .  Detector  Logic 


r.t.ifw«  |  m»  iiwb*v  B,  i,  T'  a  , 


M«  *  I  I  I  II 


*i  I,  »  1 

••  i 

»,  i 

| 

.,  »  I 

*• 

f  I 

*. 

•>«.** 

COM*US$OR 

AMD 

STPlAL  DATA  FORMATT?* 

* 

OcW  SHtn  RtG:STE«  — 
AND  CONTROL  - 

n 

s;*y\ 

£&K 

III 

32 


I 


Era  of  DC  12  owrcls  of  dc  PHA  are  cowccth) 
id  16-bit  binary  accumulator  wift  registers  that 
ARE  READOUT  EVBTT  0.5  SB  TO  DC  TEL0CTRY.  The 
0.5-sec  accumulation  time  correspocs  td  a  3-deg 

■  ROTATION  OF  DC  SATELLITE.  In  ADDITION,  DCRE  ARE 
16-BIT  kxumulators  conmected  To  EACH  OF  DC  FOUR 
SENSORS  TO  NEASUME  DC  INTEGRAL  -COUMYTING  RATES 
ABOVE  DC  LOCST  DPESHDLD. 

UPCN  SERIAL  READOUT,  EACH  16~3IT  ACCUMULATOR  IS 
COMPRESSED  INTO  AN  8*BIT  OUTPUT  WORD  IN  A 
pseudo-TjOGarithnic  manner.  The  8-sit  output  word 
CONSISTS  OF  4  BITS  THAT  DEFIME  THE  LOCATION  OF  DC 
MOST-SIGNIFICANT-OAE  BIT  IN  THE  ACCUMULATOR  <A 
FIFTH  BIT  IS  IMPLIED)  AND  THE  4  BITS  OF  BINARY 
DATA  THAT  FOLLOW.  TmE  DATA  CONTENTS  OF  THE 
ACCUMULATOR  IF  TO  A  VALUE  (F  TL  ARE  NOT  COMPRESSED 
AMD,  HENCE,  ARE  NOT  EFFECTED  IN  ACCURACY.  At 
HIWER  ACCUMULATOR  VALUES  DC  MAXIMUM  ERROR 
ASSOCIATED  WITH  DC  TRUNCATION  MCVER  EXCEEDS  A  FEW 
tERCENT. 

A  64-3IT  STATUS  BLOCK  DESCRIBING  THE  COMPLETE 
CONFIGURATION  LOGIC  OF  DC  INSTRIFENT  IS  READOUT 
EVERY  8  SBC  AND.  DCRE  FORE.  DC  MINIMUM  DWELL  TIMC 
(8  SBC)  OF  A  NOE  CAN  BE  OEFIMCD.  THIS  STATUS 
SLOCK  REFLECTS  DC  CONTROL  LOGIC  OF  DC  INSTRUMCNT 
AS  ACQUIRED  FROM  DC  MEMORY  FOR  EACH  NDE  AMD  ALSO 
THE  COMO UICHS  SPECIFIED  BY  DC  INSTRUCTION  AND 
DC  DISCRETE  CCMtWCS.  FOUR  ANALOG  OUTPUTS 
MEASURE  1HE  BIAS  ON  DC  IK  E".  AMC  E' -DETECTORS 
AMO  THE  TEMPERATURE  OF  THESE  DETECTORS.  A  SLftWIY 
OF  DC  KEY  FEATURES  OF  DC  SPECTROMETER  IS  GIVEN 

in  Table  9.2. 

Table  9.2.  Summary  of  the  Key  Feature*  of  the  SC3 
Spectrometer 
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•4  OPERATIONAL  ASPECTS 

Ttc  SC?  instrument  utilizes- d*ce  discrete 
COMtWCS  TO  POER  (1)  DC  INSTRUENT  (500?),  (2) 
DC  ANT  ICO  I MC IDEJCE  SYSTEM  (5002).  MU  (?)  DC 
MCMCRY  SYSTEM  (5006).  A  LOAD  COMMAMC  (5008)  MUST 
PRECEDE  EACH  MEMORY  LOADING  OPERATION  AND  A  RIW 
COMtWC  (5004)  MUST  PRECEDE  DC  SHADING  OF  AN 
INSTRUCT! CM  (INST)  COMtWO.  THERE  ARE  256  INST 
COMtWCS  AVAILABLE  FOR  USE  (5101  THROUGH  5556). 
Ttc  CALIBRATION  SYSTEM  CAN  BE  DISABLED  IN  DC 
EVENT  OF  A  FAILURE  VIA  A  DISCRETE  COPMAMU  (5005). 
T*  9C3  MCICORY  WILL  BE  LOADED  AT  DC  EARLIEST 
OPPORTUNITY  AFTER  LAUNCH  AND  ICMAIN  ACTIVE  FOR  THE 
DURATION  OF  DC  MISSION.  THIS  IS  ACCOMELt  S*D  BY 
SEMOING  256  COMBI  NATIONS  OF  DATA  AMC  ADDRESS  WORDS 
AT  A  RATE  OF  1  WORD/SEC.  CHANGES  TO  DC  MCMCRY 
WILL  BE  MtOMPLlSHED  BY  AUTOMATIC  BLOCKS  OF  SERIAL 
BIM4ARY  COMtWCS  (9  BIT)  0?  BY  IMCIVIDUAL  SERIAL 

coMtwcs  (9  bit).  Threshold  changes  to  select 

DIFFERENT  BCRGY  RANGES  ARE  EXPECTED  TO  BE  THE 
MOST  FREQUENTLY  SENT  COMtWC  AFTER  PAYLOAD 
INITIALIZATION. 

IT  IS  PLANTED  THAT  DC  SC3  INSTRUMCNT  BE 
OPERATIONAL  AT  ALL  TIMES  DURING  DC  P78'2 
SPACEFLICHT.  THE  PRIMARY  MCE  OF  OPERATION  WILL 
BE  MEASURING  ELECTRONS  AMC  DC  INSTRUMENT  WILL 
OPERATE  ALTERNATELY  BEDCEN  DC  MID"  AND 
HIGH-EMCtGY  ELECTRON  RANGES  FROM  A  PAGE  OF 
MEMORY.  TMESE  DATA  WILL  BE  USED  IN  MCAR-REALTIME 
ANALYSIS  TO  DETERMIMC  DC  PRIMARY  EICRGY  SPECTRUM 
MO  RADIATION  DOSE  ACQUIRED  BBfIMC  VARIOUS 
SHIELDING  THICK  MESSES.  At  DC  TIMES  OF  SOLAR 
PARTICLE  EVENTS.  OPERATION  WILL  BE  BY  COMtWC  FROM 
A  PRESELECTED  PAGE  IN  MEMORY  TO  OBTAIN  THE  PROTON 
SPECTRUM  AND  ITS  CONSTRUCTION  TO  DC  DOSE. 

Since  a  kncwledge  of  the  S3  orientation  with 

RESPECT  TO  DC  MAGMETIC  FIELD  ORIENTATION  IS 
ESSENTIAL  TO  ALL  MEASUREMENTS,  DC  S£3  INSTRUMENT 
WILL  BE  OPERATED  WITH  DC  SC11  INSTRUMENT. 

Special  augmment  calibrations  between  the  two 

INSTRUMENTS  WILL  BE  PERFORMED  ON-ORBIT. 
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15.  SC8  ENERGETIC  ION  COMPOSITION  EXPERIMENT 


15.1  SCIENTIFIC  OBJECTIVES 

The  Energetic  Ion  C&positich  Experiment,  SC8, 

MEASURES  DC  MASS  COMPOSITICN  OF  DC  HOT  PLASrtAS 
ENVELOPING  DC  P78-2  SPACECRAFT.  T(C  ION  FLUX 
FCASIREMNTS  SPAN  DC  ENERGY  REGION  FROM  IDO  EV  TO 
32  KfV  AND  DC  MASS  RANGE  FROM  1  TO  GREATER  THAN 

IfiOANJ. 

T*  OBJEcrms  cf  tic  everhcnt  fall  into  dad 

GEJCRAL  CATEGORIES:  (A)  SPACECRAFT  CHARGING 
PHENOMENA.  AND  (B)  PLASMA  INTERACTION  PROCESSES. 

The  SCS  experiment  supports  ihderstandjng  dc 

SPACECRAFT  CHARGING  MCNCMENA  IN  SEVERAL  MAYS. 
(1)  TfC  CCMPOSJTKX  AND  SPAT7A.  ^ISOTROPIES  CF 
DC  PCSITI'C  ICHS  IN  DC  AFC  I  ENT  POT  fLASMA  THAT 
IS  REQUIRED  TO  UNDERSTAND  AND  TO  MODEL  DC  SHEATH 
REGION  AROUND  DC  SPACECRAFT  CURING  CHARGING 
EVENTS  IS  DETERMINED.  (2)  TEE  PHOTOIONIZED 
GASEOUS  AND  ICN  CONTAMINANTS  EMITTED  BY  DC 
SPACECRAFT  (MUCH  HAS  BEEN  OBSERVED  PREVIOUSLY  CN 


ATS-5  and  ATS-6  without  mass  i certification)  are 
MEASURED.  (3)  Tic  ICN  COMPOSITION  cf  DC  PLASMA 
PRIOR  TO  CHARGING  EVENTS  IS  PEAS  IKED  IN  ORDER  TO 
ASSESS  DC  CAPABILITIES  FOR  PREDICTING  CHARGING 
EVENTS  CN  DC  RECWCIGURATICN  CF  DC 
MAGNETOS FHER I C  CURRENT  SYSTEM  PRIOR  TO  DC  C?sn 
CF  GEOMAGNETIC  SUBSTORMS.  (4)  TEMPORAL  AND  RADIAL 
DEPENDENCIES  CF  DC  PLASMA  COMPOSITION  ARE 
DETERMINED  TO  AID  IN  MODELING  DC  HDT  PLASMA 
ENVIROfPCNT  FOR  SATELLITE  ORBITS  AT  HIGHER  AND 
LWER  ALTI  TIDES  AND  I  NOLI  NATIONS  THAN  DC  P78*2 
SPACECRAFT  ORBIT.  (5)  FINALLY,  SELECTED  PLASMA 
CONDITION  ARE  MCASURET  DURING  WHICH  ION  FLUXES 
FROM  DC  SC4  ICN  GIN  ARE  RETURtID  TO  DC 
SPACECRAFT. 

Tic  SCS  e»*eriment  supports  understanding  dc 

PLASMA  INTERACTION  PROCESSES  IN  SEVERN.  HAYS.  (1) 

Plasma  and  field  conditions  that  produce 

IONOSPHERIC  ICN  ACCH.ERADON  WILL  EE 
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INVESTIGATED*  (2)  TlC  LOCAL  TIME  AND  GEOMAGNETIC 
LATITUDE  DISTRIBUTION  CF  TTC  SOURCE  REG  1 06  £ F 
FIBJTALlOrCD  lOXBIWERIC  IONS  MILL  BE 
__  INVESTIGATED.  (3)  TlC  PLASMA  AND  FIELD  CONDITIONS 
.**  THAT  PRODUCE  TIC  PRECIPITATION  OF  EfCRGETIC 
PARTICLES  FROM  H€  TRAPPED  POPULATION  WILL  EE 
INVESTIGATED.  (4)  TlC  LARGE* SCALE- AND  SMALL-SCALE 
TRAfEPOfiT  PROCESSES  FOR  TIE  HOT  H_ASMAS  WIU.  BE 
INVESTIGATED.  (5)  FINALLY.  DC  PLASMA  AND  FIELD 
CONDITIONS  THAT  RESLLT  IN  VLF  NAVE  GEACRAT10N  AND 
WR.  IF  I  CATION  IN  THE  MAGNETOS  RCRE  WILL  BE 

INVESTIGATED. 

15.2  MEASURING  TECHNIQUE 

Tic  SC8  iictripcnt  is  an  energetic  icn  mass 

SPECTROMETER  CONTAINING  TWEE  PARALLEL  ANALYZER 
UNITS.  EACH  OF  WICH  ACASIFES  IONS  IN  A  DIFFKENT 
ENERGY  REGION  OF  TIC  RANGE  FROM  0.1  TO  22  KEV . 

Each  in  it  consists  of  a  crossed  electric  and 

MAGNETIC  FIELD  VELOCITY  FILTER  (VlEIN  FILTER)  IN 
SERIES  WITH  AN  ELECTROSTATIC  ANALYZES  (ESA)  AND  A 
CKAflJL  ELECTRON  MULTIPLIER  SENSOR.  OfC  OF  ~r£ 
INITS  IS  SH3WN  SOCMATICALLY  IN  FIGURE  15.1. 


* 


Figure  15.1 .  ton  Mass  Spectrometer 


-TlC  INSTRUMENT  HAS  TWO  BASIC  MODES  CF  OPERATION 
AND  TWO  MASS  RANGES  CF  COVERAGE  IN  EACH  MODE .  TlC 
TWO  MASS  RANGES  COVER  FROM  APPROXIMATELY  0.8  TO  80 

AMJ(normal)  and  12  AM  to  greater  than  ]£0  AM 
(heavy).  In  tic  first  operating  moie,  each  of  tic 

TWEE  ANALYZER  INITS  CYCLES  TWOUW  FOU?  DISCRETE 
ESA  SETTINGS  IN  16  SEC.  REMAINING  FIXED  FOR  2  SEC 
XT  EACH  SETTING.  DURING  EACH  2"  SEC  PER  ICC,  T>€ 
VELOCITY  FILTB*  VOLTAGE  IS  RAMPED  TO  PROVIDE  A 
22-POINT  MASS-PER-lNIT-OiARGE  CM/O)  SPECTRIN  OVER 


OC  OF  TIC  TWO  RANGES  INDICATED  ABOVE.  THUS,  A 
FULL  HASS  SfECTRIM  IS  OBTAINED  XT  EACH  OF  ft 
EJBtGY  POINTS  EVBTY  16  SBC.  IN  THE  SECOND  MODE, 
TVE  VELOCITY  FILTER  IS  LOCXED  IN  ONE  OF  FOUR 
DISCRETE  VALUES  CORRESPONDING  TO  MO  *  1,  2.  M.  OR 
16  FOR  16  SEC.  WHILE  EACH  ESA  IS  CYCLED  AMONG  ITS 
EIGHT  DISCRETE  LEVELS.  TlC  ESA  VOLTAGE  IS 
SWITOCD  EVERY  62  MSEC.  THUS.  A  ft-POINT 
ENERGY"  PER"  INI  T*  CHARGE  SPECTRIN  FRCM  TIC  TWEE 
INITS  IS  ACQUIRED  EVERY  1/2  SECOND  AT  A  SINGLE  MQ 

position.  After  64’  sec  on  a  fixed  mass  value,  tic 

INSTRUMENT  SPENDS  64  SEC  IN  Mere  1  TO  PROVUE 
IW0IWAT1CN  ON  TIC  BACKGROUND  LEVELS  OBTAINABLE 
FROM  MASS  REGIONS  BETWEEN  TTC  DISCRETE  MASS 

peaks.  Following  this,  tie  velocity  filter  is 

LOCKED  ON  A  SECOND  MASS  FOR  64  SEC.  AGAIN  FOLLOWED 

by  64  sec  in  Mote  1.  This  continues  twough  tic 

FOUR  DISCRETE  MB  VALUES.  ThJS.  A  COMPLETE  CYCLE 
CF  TIC  SECOND  MODE  REQUIRES  512  SEC.  VARIATIONS 
IN  TIC  NUMBER  AND  TIMING  OF  THE  BASIC  ENERGY  AND 
MASS  VALUES  CAN  BE  SELECTED  BY  REALTIME  COMMANDS . 

Tic  iaetrihekt  also  incudes  four  broadeant 

ELECTRON  CHAMILS  FOR  PROVIDING  ELECTRO. 
BACKGROUND  IWORMATION  AND  FOR  GENERAL  CORRELATIVE 
STUDIES  WITH  TTC  PLASMA  lOffi.  FIXED  MAGNETIC 
FIELD  ANALYZERS  FOLLOWED  BY  CHANNEL  ELECTPON 
MULTIPLIERS  SPAN  TTC  ELECTRON  RANGE  FROM  t.U7  "J 
ft  KlV  WITH  CENTRAL  ENERGIES  AT  0.16.  0.73.  3.3, 
AND  16  KEV. 

15.3  FUNCTIONAL  BLOCK  DIAGRAM 

Tic  data  flow  from  ttc  instrument  it  illustrated 
SCHEMATICALLY  IN  FIGURE  15.2.  All  CF  TTC  OUTPUTS 
ARE  FRCM  CHAWEL  ELECTRON  MULTIPLIERS  AND  THE  DATA 
FROM  EACH  O W#£L  ARE  MANTLED  IN  AN  ANALOGOUS 

fashion.  Each  sensor  output  is  followed  by  a 

FU.SE  AFW.IFIB?.  SHAPER.  AND  DISCRIMINATOR  PRIOR 
TO  GOING  INTO  A  16‘BIT  COUNTER.  TlC  ACCUMULATION 
AND  READ  TIICS  FOR  TTC  COUNTERS  ARE  SYNCHRONIZED 
WITH  TTC  ANALOG  FUNCTION  AID  CONTROLLED  BY  TTC 
INSTRUMENT  CONTROL  LOGIC  AS  IMJ1CATED 
SOCMATICALLY  BY  TTC  CONTROL  LOGIC  BLOCK.  TlC 
IWORMATION  IN  TTC  16-BIT  COUNTESS  IS 
LOGARITHMICALLY  CCWRESSED  TO  8  BITS  PRIOR  TO 
BEING  READ  INTO  TTC  TELWETRY  BIT  STREAM  BY  TrC 
SPACECRAFT  DATA  MULTIPLEXER. 

An  IFFLIGHT  calibration  sequence  is  initiated  by 


REALT1PE  CCMWC  TVKXJOH  TIE  CALIBRATION  CONTRO. 

logic.  This  se  clench  oecxs  /u  i  m  counters 

MO  BUFFERS  BY  PROVIDING  PULSES  AT  A  FIXED  RATE 
INTO  EACH  COUNTER .  CHAMCL  PU.Tin.IB)  AND 


AMPLIFIER  PERFORMANCE  IS  EVALUATED  IN  TIE 
CALIBRATION  SEQUENCE  BT  STEPPING  TIE  DISCRIMINATOR 
THROUGH  ITS  FOUR  SELECTABLE  LEVELS  FOR  EACH  CF  TWO 
HIGH  VOLTAGE  SETTINGS  CF  TIE  OlWEL  ELECTRON 
MULTIPLIERS.  Tic  OPERATING  LEVEL  CF  TIE 
DISCRIMINATOR  IS  SELECTED  Bt  REAL  Tift  COPftAND. 

15.4  OPERATIONAL  ASPECTS 

Operating  mcces  fcr  tve  uetrjent  are  selected  by 

REALTIIE  COMMANDS.  AFTER  TVE  INITIAL  INSTRUMENT 
OCCKOUT.  IT  IS  DPECTED  THAT  TVE  INSTRUMENT  WILL 
REMAIN  IN  A  SELECTED  MODE  FCR  AT  LEAST  24  hft  FOR 
MOST  RDUTIfC  OPERATIONS.  IfFLIOTT  CALIBRATION  CF 
TVE  INSTRUMENT  WILL  EE  PERFORMED  ABOUT  ONCE  PER 
DAY  AND  IS  INITIATED  BY  REALTIME  OOWIAND. 

During  tve  lifetime  of  tie  spacecraft,  many 

D1FF8UENT  OPERATING  MODES  WILL  BE  USED  TO 
INVESTIGATE  A  MCE  RANGE  CF  GEOPHYSICAL  AND 
MAN* PRODUCED  EVENTS.  TlCSE  EVENTS  WILL  INCLUDE 
GEOMAGNETIC  STORMS  AND  SUBSTORMS,  SOLAR  PARTICLE 
EVENTS.  FIELD-ALIGNED  ION  EVENTS,  SOLAR  ECLIPSES 
BY  TIE  EARTH,  ICN  AND  ELECTRON  GIN  OPERATIONS, 
CHEMICAL  RELEASES,  AND  ELECTROMAGfCT  I C  WAVE 
INJECTIONS. 


Figure  1 5.2.  Block  Diagram 
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ABSTRACT 

The  Lockheed  High  Energy  Particle  Spectrometer  on  the  SCATHA  satellite, 
P78-2,  occasionally  measures  energetic  electron  fluxes  near  synchronous 
altitude  that  exceed  the  commonly  cited  Kennel  and  Petschek  trapping  limit 
Tweive  cases  have  been  analyzed  in  detail,  including  several  from  relatively 
quiet  times  and  from  times  when  the  spectrum  became  very  hard.  These  were 
compared  with  an  energy-dependent  formulation  of  the  trapping  limit  [Schulz 
and  Davidson.  19851,  which  predicts  a  steeply  descending  spectrum  above  the 
minimum  resonant  energy  for  wave  growth,  and  a  1/E  spectrum  at  high  energies. 
The  spectrometer  permitted  pitch-angle  resolution  fine  enough  to  resolve  the 
loss  cone  and  to  derive  the  anisotropies  that  were  needed  to  make  the 
comparisons  with  the  theory.  In  all  the  cases,  over  a  wide  range  of 
conditions,  there  was  a  region  of  the  spectrum,  although  often  less  than  a 
decade  wide  in  energy,  that  closely  matched  the  theoretical  spectrum.  The 
plasma  densities  derived  from  the  minimum  resonant  energies  were  compared  with 
ion  densities  determined  from  the  UCSD  ion  spectrometer  aboard  the  SCATHA 
sateiiite.  The  agreement  between  the  two  supported  the  interpretation  of  the 
energetic  electron  spectra.  It  was  concluded  that  flux  limiting  may  occur  much 
of  the  time  over  a  portion  of  the  electron  spectrum  and  that  the  overall 
spectrum  exhibits  greater  variability  than  can  be  simply  explained  by  the  flux 
limiting  process.  The  results  were  consistent  with  a  model  in  which  the 
limiting  process  occurs  by  sporadic  precipitation  events,  punctuated  by 
intervals  of  weak  diffusion.  Numerical  estimates  of  the  energy-integrated  flux 
above  the  minimum  resonant  energy  agreed  well  with  the  Kennel  and  Petschek 
prediction  A  new  empirical  energy-integrated  flux  limit  of  l{super  •} 

-  2  x  10{super  11}/L  electrons  cm{super  -2}  sfsuper  -1)  is  suggested. 


to  be  submitted  to  J.  Geophys.  Res.  1984. 
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ABSTRACT 

Energetic  electron  data  from  the  SCATHA  (P78-2)  spacecraft  in  the 
near-geosynchronous  orbit  and  the  low  altitude  (600  km)  polar  orbiting  P78-1 
satellite  are  presented  The  Olson-Pfitzer  geomagnetic  field  model  was  used 
to  determine  when  the  two  spacecraft  were  on  the  same  magnetic  drift  shell. 

Temporal  flux  profiles,  differential  energy  spectra,  and  pitch-angle 
distributions  from  both  satellites  are  compared  for  three  conjunctions  which 
occurred  during  times  of  moderate  (Kp-3)  to  intense  geomagnetic  activity 
(Kp-6).  In  addition,  a  detailed  comparison  of  the  SCATHA  SC3  electron  spectrum 
at  pitch  angles  which  allow  the  electrons  to  access  the  P78-1  orbit  is  made 
with  a  series  P78-1  spectra  obtained  as  a  function  of  L -shell.  The  L -shell 
with  the  best  spectral  agreement  is  used  as  an  independent  determination 
of  magnetic  conjugacy  in  each  of  the  three  cases.  It  is  found  that  in  two  of 
the  cases  the  agreement  between  the  model-determined  conjugacy  and  that 
'  obtained  by  the  spectral  comparison  is  good  even  though  there  was  moderate  to 

intense  geomagnetic  activity  at  these  times.  In  the  third  case,  a  significant 
difference  was  found  despite  the  fact  that  it  was  the  most  quiet  case  and  that 
the  measured  magnetic  field  at  SCATHA  agreed  well  with  the  Olsen-Pfitzer 
model.  The  pitch  angle  distribution  of  precipitating  energetic  electrons 
measured  by  P78-1  is  used  to  estimate  the  pitch-angle  diffusion  coefficient 
and  the  wide-band  wave  intensity  required  for  resonant  scattering  using  the 
theory  of  Kennel  and  Petschek.  The  results  are  compared  to  SCATHA  wave 
measurements  and  order  of  magnitude  agreement  is  found. 


to  be  submitted  to  J.  Geophys.  Res..  1984. 
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Aba tract 

(taring  the  period  Jose  9  to  1A,  I960  fluxes  of 
high  energy  electrooa  were  greatly  lateaalfled  at 
high  altltudea.  glace  electroae  with  energies 
greater*  than  a  few  Me?  can  penetrate  nominal  space¬ 
craft  shielding  and  damage  electronic  ceaponeote,  the 
increased  fluxes  during  this  period  worm  4oveetlgatad 
to  determine  the  aature  sod  extent  of  damage  they 
night  cause  to  spacecraft  In  equatorial  orhlta  near 
an  altitude  of  10000  ton.  It  la  concluded  that  short 
tern  effects  such  aa  charging  and  subsequent  dis¬ 
charge  In  dielectric!  froa  the  acctaulatlon  of  elec¬ 
trooa  atopped  in  the  material  In  a  period  of  the 
order  of  a  day  are  nore  likely  than  total  dose  damage 
near  the  few  days  duration  of  high  flux:  levels. 

1.  Introduction 

Pluses  of  energetic  electrons  at  high  altitudes 
In  the  outer  radiation  belt  were  Intensified  to  aa 
unusual  exteot,  particularly  for  energies  greater 
than  1  Me?,  by  a  magnetic  atone  which  began  on 
June  11,  1980.  Since  electrons  with  these  high  ener¬ 
gies  can  penetrate  nominal  spacecraft  shielding  and 
cause  damage  to  electronic  components,  the  fluxes  and 
energy  spectra  of  electrons  up  to  S  Me?  In  the  tine 
period  9-14  June  1980  were  Investigated.  Measure- 
sente  were  made  with  the  high-energy  particle  spec¬ 
trometer  known  aa  SC-3  on  hoard  the  USAF  Spaco  Test 
Program  P78-2  spacecraft  (Spacecraft-Charglng-At- 
Hlgh-Al tl tudea  or  SCATHA  mission).  Electron  fluxes 
and  spectra  from  a  selected  region  of  apace  were 
compared  with  the  National  Space  Science  Data  Center 
(WSSDC)  AE-4  tlne-everaged  model  and  earlier  SC-3 
data.  The  redletlon  doses  In  silicon  and  the  fluxes 
penetrating  various  shielding  thicknesses  of  aluminum 
were  calculated  for  the  measured  aod  model  spectra. 

2.  Instrumentation 

The  SC -3  experiment  amasures  electrons,  protons 
and  alpha  particles  using  a  solid  state  detector 
telescope  surrounded  by  a  scintillation  counter  anti¬ 
coincidence  shield.  Logic  configurations  among  the 
telescope  detectors  aod  the  energy  range  of  analysis 
are  selectable  fron  an  Internal  oemory  providing  a 
large  number  of  possible  amdes  of  operetloa.  The 
standard  preprogramed  nodes  used  routinely  Include 
two  energy  ranges  for  electrone  (47  to  299  ke?  and 
240  to  4970  ke?)  anJ  four  proton  ranges  spanning  1.0 
to  200  McV.  The  Instrument  geonetrlc  factor  of 
3  x  10"*  ca^-er  and  Its  orientation  on  the  spinning 
vehicle  allowed  accurate  aeasurcoent  of  the  high 
fluxes  of  electrons  and  their  pitch  angle  distribu¬ 
tions  In  the  outer  radiation  belt.  A  nore  detailed 
deacrlptloo  of  the  experiment  le  published  elsewhere 
(Ref.  1). 

The  P78-2  spacecraft  was  launched  on  Jan.  30, 
1979  aod  on  Peb.  2,  1979  was  boosted  loto  Its  final 
orbit  with  apogee  at  43292  km,  perigee  at  27417  km,  a 
7.9  degree  Inclination  and  a  period  of  23.397  hours, 
which  le  nearly  earth  synchronous.  The  epscecraft  Is 
spin  stabilised  with  e  spin  period  of  about  one  mi¬ 
nute  .  This  orbit  traverses  the  region  of  geomagnetic 
apace  Iron  L  •  3.3  to  8.0  where  L  defines  a  dipole¬ 


like  magnetic  shell  os  wh£ch  trapped  charged 
particles  execute  their  spiral,  bounce  and  drift 
notions.  At  the  magnetic  oquator,  L  is  the  distance 
of  the  shell  from  the  magnetic  polar  axis  (In  units 
of  north  radii). 


The  electron  fluxes  and  energy  spectra  were 
selected  for  analysis  it  l  •  3.3.  This  region  la 
sampled  by  the  satellite  twice  each  orbital  revo¬ 
lution  near  perigee.  Prom  ten  minute  periods  cen¬ 
tered  at  the  l  •  3. 3  tine,  4.3  minutes  of  spin  av¬ 
eraged  data  In  each  electron  energy  range  were  ac¬ 
cumulated  for  12  crossings  of  the  L  shell  in  the 
period  June  9  to  14,  1980.  Three  of  these  spectre 
that  Illustrate  the  trend  of  spectral  'hardening*,  or 
as  Increase  in  the  flux  with  increasing  toergy,  are 
shown  In  figure  1  along  with  a  long  term  tine¬ 
s'  eraged  model  spec trim  labeled  'MSSDC  AE-4  Mean* 
(Ref.  2).  The  AE-4  electron  environment  model  deve¬ 
loped  by  the  MSSDC  for  epoch  1967  la  for  solar  max¬ 
ima  and  therefore  should  be  directly  comparable  to 
the  1980  SC-3  data.  Prom  Figure  1  It  Is  evident  that 
the  electron  spectra  early  In  the  period  before  the 
onset  of  the  magnetic  storm  were  softer  and  less 
Intense  than  the  AE-4  model  for  energies  greater  than 
1  Me?.  By  June  13  the  epectra  were  more  Intense  than 
AE-4  at  high  energies  and  at  2210  DT  on  June  14,  the 
last  data  currently  available  for  the  period,  the 
flux  intensity  for  energies  greater  than  2.6  McV  was 
the  highest  observed  to  that  time  In  the  SCATHA  mis¬ 
sion. 

In  Figure  2  the  differential  fluxes  in  selected 
SC-3  analyser  channels  are  plotted  versus  time  for 
all  of  the  L  •  3.3  data  In  the  June  9  to  16  period. 
At  the  top  of  the  figure,  the  geomagnetic  lodes  D«t 
la  plotted.  The  sharp  decrease  In  Dst  and  slow  re¬ 
covery  over  the  three  following  days  clearly  mark  the 
magnetic  storm.  While  the  low  energy  channel  fluxea 
(E  1  200  ke?)  vary  by  as  much  as  a  factor  of  five,  no 
trend  la  evident  during  the  period.  At  high  ener¬ 
gies,  the  trend  becomes  most  prooounced  with  the 
fluxes  Increasing  oonotoolcelly  by  an  order  of 
magnitude  froa  June  11  to  Juoe  14  In  the  3.39  -  3.79 
Me?  channel.  The  relatively  long  storm  recovery 
period  with  several  minor  oegstlve  DIt  excursions 
Indicating  continued  magnetic  activity  esy  account 
for  the  large  buildup  of  high  energy  fluxes. 

4.  Analytls 


The  penetration  of  alualoum  ahleldlog  by  elec¬ 
trooa  was  calculated'  for  the  spectra  In  Figure  1 
using  a  computer  program  which  gives  an  excellent 
simulation  of  electron  scattering  and  eoergy  loss  by 
analytic  solution  of  a  Fokker-f lanck  diffusion  equa¬ 
tion.  This  code,  as  adaptation  of  the  AURORA  program 
developed  by  Valt  at  el.,  (Ref.  3),  treats  the  geome¬ 
try  of.  electrons  with  a  apeclfted  angular  distribu¬ 
tion  Incident  on  a  plane  shield  nedlva.  The  penetra¬ 
tion  depths  of  the  flnxes  obtained  by  integrating 
each  of  the  four  spectra  above  several  energies  with 
Isotropic  angular  Incidence  on  one  side  of  e  plane 
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Wilt  u  array  of  continued  cadmium  tdl unde  spectrometers  on  a  rpmmnj  potai-ortitiag  selcQue 
(P7B-1)  a  itudy  kai  been  Bade  of  tie  energetic  braasRnblung  X  ray  (  >  21-keV)  pattens  following 
substorms.  From  as  altitude  of  —400  km,  X  rays  emanating  (root  a  aide  range  of  magnetic  local  times  can 
he  observed  and  the  local  lime  profiles  mapped  oo  a  given  pass  of  the  satellite  across  other  polar  cap. 

Pronounced  longitude  variations  in  the  X  ray  intensities  and  hence  in  the  precipitating  Hactroe  Buies  were 
observed  in  the  daytime  sector  at  various  delay  times  after  the  onset  of  substorms  near  local  midnight  The 
longitude  profile  features  were  found  to  petite  over  time  periods  of  at  leas)  a  lew  minutes.  Longitude 
variations  in  the  energy  spectra  of  the  bremsstrahlung  X  rays  were  also  obtained,  and  in  several  cases  the 
spectra  were  found  to  be  harder  at  later  local  times  alter  mid  mght.  although  no  consistent  trends  were 
evident.  Coordinated  measurements  of  electrons  horn  the  SCATHA  satellite  at  near-synchronous  orbit 
revealed  cahaoaeenents  in  the  fluxes  of  trapped  electrons  on  the  daystde  at  the  times  of  the  X  ray  events, 
indicating  a  correlation  between  the  trapped  and  predprtatmg  electron  fluxes.  Additional  information  oo 
the  longitude  profiles  of  electron  pracipitatioe  was  obtained  from  no  meter  measurements  in  the  Danish 
chain,  which  also  provided  complete  tune  historim  at  the  station  longitudes.  The  longitude  distributions  of 
energetic  electron  precipitation  as  inferred  from  satellite  X  ray  intensity  and  from  nonet er  absorption 
measurements  show  very  good  agreement.  The  rioamter  absorption  at  the  Narssaimuaq  station  with  e>  : 
value  of  7  J,  comparable  to  the  SCATHA  values,  was  found  to  he  very  similar  in  time  profile  to  the  tnppet. 
electron  fluxes  m  re  smart  at  SCATHA,  showing  a  dose  assoriaboei  between  the  trapped  and  ptecipriaung 
fluxes  of  daemons. 


Introduction 

It  has  been  postulated  that  electron  proa  pi  taboo  in  the 
..  msd-to-late  morning  bourn  may  be  directly  associated  with  the 
l\  •  injection  and  acceleration  processes  that  occur  during  mag¬ 
net  osphenc  substorms  m  the  midnight  sector.  This  association 
follows  from  a  combination  of  the  longitude  drift  of  electrons  in 
the  geomagnetic  field  and  their  precipitation  In  the  past  the 
phenomenon  has  been  studied  with  bremsstrahlung  X  ray 
measurements  taken  from  balloons,  with  riometer  data,  and 
with  direct  electron  obaervations  nt  synchronous  altitude. 
From  balloon  X  ray  measurement!,  Boras  mi  Jtoamfrerg 
[1966]  found  that  very  extensive  and  intense  precipitation 
events  are  observed  after  dawn  and  that  their  occurrence  is 
frequently  correlated  with  a  polar  aubstonn.  Using  direct  elec¬ 
tron  measurements  at  geosynchronous  altitudes  Tfiixtr  mi 
Wincklar  [1969]  postulated  a  model  in  which  energetic  elec¬ 
trons  are  created  near  local  midnight  and  then  gradient  drift  to 
later  local  timet.  Evidence  for  large-scale  azimuthal  drift  of 
electrons  during  substorms  was  obtained  by  Amoliy  mi  Cbm 
[1969]  and  by  Bonn  mi  Wincklar  [1970]  from  comparisons  of 
synchronous  orbit  data  with  ground-based  riometer  measure- 
menu  From  umuhaneous  measurements  in  the  equatorial 
plane  and  at  balloon  altitudes.  Parks  [1970]  found  that  the  flux 
versus  time  profiles  between  precipitated  and  trapped  electrons 
are  extremely  well  correlated  at  local  times  between  midnight 
and  noon.  With  ATS  5  data,  Da  Forest  and  Mel  twain  [1971] 
discovered  that  a  hot  doud  of  plasma  is  injected  into  the 
midnight  sector  of  the  magnetosphere  during  each  tubstorm 
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and  that  subaequently  energy-  and  pitch-angle-dependent  dis¬ 
persions  occur. 

Further  experimental  support  for  the  drift  hypothesis  has 
come  from  the  large-scale  balloon  obaervations  of  S lei  ten  ei  at 
[1971],  who  found  that  the  average  delay  for  onset  of  X  ray 
cvcnu  increases  with  increasing  separation  from  the  midnight 
sector.  This  was  interpreted  as  an  effect  of  the  drift  of  electrons 
in  the  magnetosphere  from  an  acceleration  region  on  the  night- 
side  of  the  earth.  Morel  ct  el  [1973]  discovered  that  the  onsets 
of  X  ray  events  become  steadily  more  gradual  as  one  goes 
toward  greater  drift  paths  from  the  presumed  aer-dcration 
region.  /Congas  at  aL  [1974, 1975]  found  that  morning  activity 
(often  called  SVA,  slowly  varying  absorption,  cvcnu)  is  delayed 
with  respect  to  the  midnight  activity  though  the  rime  delay 
varies  from  event  to  event  The  energy  spectral  variations 
during  the  SVA  events  in  which  the  X  ray  flux  softens  initially 
can  generally  be  interpreted  in  terms  of  a  drifting  cloud  of 
electrons.  The  riometer  data  of  Btrkey  at  of.  [1974]  indicate 
that  the  dayside  precipitation  1-2  hours  after  tubstorm  onset 
can  be  (airly  localized  (1-2  hours  in  longitude),  with  the  local 
rime  for  maximum  precipitation  shifting  eastward  to  later 
MLTs  at  longer  rimes  from  subttorm  onset.  In  most  of  these 
earlier  Rudies  the  particle  distributions  were  assumed  to  move 
only  along  a  meridian  or  only  in  longitude,  but  it  has  been 
emphasized  by  Kivalson  and  South  wood  [1975]  thst  acceler¬ 
ation,  inward  motion,  and  cast-west  drift  are  strongly  coupled 
processes  in  many  instances. 

In  some  SVA  events,  enhanced  ionization  occurs  st  altitudes 
below  the  normal  scattering  height  for  forward  scatter  HF  and 
VHF  transmissions,  estimated  to  be  -75  km,  and  such  events 
are  then  also  classified  as  relativistic  electron  precipitation 
(REP)  evenu  since  it  is  thought  thst  precipitated  electrons  with 
energies  between  0.1  and  I  Met  are  principally  responsible 
[Bailer.  1961;  Rosenberg  ei  ai „  1972].  After  onset  of  a  substorm 
the  delay  time  for  daytime  precipitation  of  energetic  electrons 
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Bremsstnhluni  X  ray  (>2l-keV)  mappings  and  direct  electron  (>68  keV)  measurements  from  the 
low-altitude  polar -orbiting  satellite  P78-I  were  performed  at  critical  times  and  locations  near  the  onset 
of  a  magnetospheric  substorm  on  July  J.  1979  at  -2149  UT.  The  bremsstrahlung  X  ray  intensities 
emitted  from  the  atmosphere  over  a  wide  range  of  longitudes  and  L  shells  were  negligible  just  before 
the  substorm  onset,  then  rose  to  a  maximum  within  about  a  minute  or  less,  and  remained  at  an 
enhanced  level  for  the  next  9  minutes.  The  onset  time  for  the  total  intensities  of  X  rays  observed  from 
the  P78-I  satellite  was  nearly  the  same  as  for  the  X  ray  flux  increase  at  one  of  the  SBARMO-79 
balloons  which  were  at  fortuitous  positions  during  the  event  and  within  the  held  of  view  of  the  satellite 
X  ray  detectors.  The  simultaneous  X  ray  measurements  from  the  SBARMO-79  balloons  and  the  P78-I 
satellite  indicate  that  the  electron  precipitation  started  at  L  m  5-5.5  without  a  significant  precipitation 
from  higher  L  shells.  In  addition,  the  satellite  data  revealed  a  relatively  sharp  longitude  decrease  m 
electron  precipitation  at  positions  east  of  ~30*E  or  at  magnetic  local  times  after  -1.5  hours. 


Introduction 

At  the  onset  time  of  a  substorm.  energetic  electrons  are 
precipitated  into  the  atmosphere,  and  the  global  spatial  and 
temporal  morphology  of  this  precipitation  should  reflect  the 
importance  of  local  acceleration  processes  in  comparison  to 
azimuthal  drift  or  propagation  effects  of  particles  accelerated 
elsewhere.  Higher  energy  electrons  (in  the  tens  of  keV 
region  and  upward)  represent  a  significant  portion  of  the 
electron  energy  associated  with  a  substorm,  and  they  can 
also  provide  important  tracings  of  the  magnetic  field  topolo¬ 
gy  and  an  indication  of  the  more  energetic  acceleration 
processes.  The  question  of  whether  the  energetic  electrons 
come  from  an  existing  population  or  are  freshly  accelerated 
is  a  very  important  consideration  that  has  been  addressed  by 
several  authors.  It  was  found  by  DeForest  and  Mcllwain 
(1971]  that  clouds  of  hot  plasma  are  injected  on  a  one-to-one 
correspondence  with  magnetospheric  substorms.  The  plas¬ 
ma  injected  at  times  of  substorms  will  subsequently  disperse 
in  energy  dependent  clouds  driven  by  the  residual  electric 
field  and  by  the  magnetic  gradient  and  curvature  drifts,  as 
investigated  by  Mcllwain  (1974].  Moore  el  al.  (1981]  have 
considered  substorm  plasma  injections  in  which  boundary 
motion  plays  a  major  role.  Based  on  the  lack  of  riometer 
response  at  higher  latitude  stations  in  several  events.  Baker 
eral.  (1981a]  concluded  that  the  injected  electrons  are  newly 
accelerated.  When  detailed  information  on  the  spatial,  tem¬ 
poral,  and  spectral  characteristics  of  the  precipitation  be¬ 
come  available,  one  might  hope  to  learn  more  about  the 
important  question  of  whether  a  substorm  is  a  directly  driven 
process  [ Akasofu ,  1979,  1980]  or  whether  there  is  a  growth 
phase  ( McPherron .  1970.  1972;  Baker  et  al.,  1981a,  b). 
However,  the  spatial  dynamics  of  energetic  electron  precipi- 


1  Also  with  the  Department  of  Physics.  University  of  Bergen. 
Bergen.  Norway. 

Copyright  1982  by  the  American  Geophysical  Union. 

Paper  number  2A1087. 

0148-0227/8 2/002 A  - 1087505.00 


tation  at  the  onset  time  of  a  substorm  has  not  been  well 
studied  partly  because  of  the  difficulties  of  obtaining  contin¬ 
ual  worldwide  mappings  at  those  energies.  Until  remote 
sensing  measurements  of  the  precipitation  of  higher  energy 
electrons  are  performed  from  high-altitude  satellites,  it  will 
probably  be  necessary  to  piece  the  information  together 
from  available  data  covering  more  limited  regions  of  space 
and  time. 

Proper  studies  of  the  precipitation  of  energetic  electrons  at 
the  time  of  a  substorm  can  best  be  made  from  widespread 
spatial  and  temporal  observations.  In  this  regard,  riometer 
measurements  have  been  restricted  in  spatial  extent  and 
direct  particle  observations  from  satellites  or  rockets  are 
quite  limited  in  their  usefulness,  although  in  certain  cases 
simultaneous  measurements  from  more  than  one  vehicle 
have  proven  to  be  very  useful  [e.g.,  Rossberg.  1976;  Ross- 
berg  et  al..  1977].  High-resolution  spectral  and  pitch  angle 
measurements  near  the  equator  at  synchronous  altitude 
(e  g..  Parks  el  al.,  1977)  have  provided  important  informa¬ 
tion  on  the  source  locations  of  panicles  during  substorm 
events.  Postsubstorm  electron  precipitation  extending 
through  the  daytime  sector  has  been  investigated  with 
bremsstrahlung  X  ray  measurements  from  low-altitude  satel¬ 
lites  ( Imhof  ei  al.,  1978, 1982)  and  from  balloons  [ Bonus  and 
Rosenberg,  1966;  Sletien  ei  al.,  1971;  Moral  et  al..  1973; 
Kangas  et  al.,  1974,  1975).  but  X  ray  mappings  right  at  the 
onset  time  of  a  substorm  are  not  generally  available  Only  a 
few  X  ray  results  during  the  initial  phases  of  the  auroral 
substorm.  lasting  0-5  minutes  ( Akasofu .  1968],  have  been 
published  [e.g..  Bjordal  ei  al.,  1971;  Pytte  and  Trefoil.  1972; 
Pytie  el  al.,  1976;  Mauk  et  al.,  1981;  Kremser  et  at..  1982). 
The  lack  of  many  observations  may  follow  from  the  short 
time  duration  and  narrow  latitude  extent.  The  onset  phenom¬ 
ena  are  best  studied  with  use  of  data  from  many  w  idespread 
coordinated  measurements,  and  for  this  purpose  the  satellite 
bremsstrahlung  technique  can  be  particularly  useful.  For 
example,  worldwide  mappings  may  enable  one  to  identify 
strong  longitude  variations,  such  as  the  occurrence  of 
growth  in  one  longitude  sector  while  expansion  is  going  on  in 
another,  as  suggested  by  Wiens  and  Rostokrr  |!9"’5j.  Also. 
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SUMMARY 


The  lnfomation  available  on  the  hot  plasma  composition  at  and  near  the 
geostationary  satellite  orbit  has  Increased  dramatically  during  the  past  four 
years.  .  At  energies  below  32  keV,  ions  of  terrestrial  origin  (0+  and  He*)  are 
frequently  observed  to  be  significant  contributors  to  the  hot  plasma  density 
and  energy  density,  and  during  geomagnetlcally  disturbed  periods,  0*  ions  are 
frequently  the  dominant  ions.  During  geomagnetlcally  quiet  periods  H+  ions 
are  typically  the  dominant  hot  plasma  ions.  Evidence  for  a  solar  cycle  depen¬ 
dence  to  the  0*  hot  plasma  densities  at  the  geostationary  orbit  has  been  found. 
Our  understanding  of  the  details  of  the  physical  processes  Involved  in  the 
entry,  acceleration,  transport,  and  loss  of  the  plasma  ions,  and  thus  our 
ability  to  model  them,  is  still  quite  limited. 


INTRODUCTION 


As  recently  as  the  1st  Spacecraft  Charging  Technology  Conference  in  1977, 
quantitative  measurements  on  the  ion  composition  of  the  hot  (0.1-30  keV)  plasmas 
near  the  geostationary  satellite  altitude  had  not  yet  been  performed  (ref.  1). 
The  plasma  composition  in  this  region  of  the  magnetosphere  was  Inferred  primar¬ 
ily  from  composition  information  obtained  on  similar  magnetic  L-shells  but  at 
much  lower  altitudes.  Such  observations  led  to  the  conclusion  that,  at  least 
during  geomagnetlcally  disturbed  periods,  there  were  significant  fluxes  of  0* 
ions  as  well  as  protons  in  the  hot  plasmas  near  the  geostationary  satellite 
altitude  and  that  the  ionosphere  was  the  origin  of  the  0*  ions  as  well  as  some 
of  the  protons  (ref.  1). 

Prior  to  the  work  of  Shelley  et  al.  (ref.  2)  in  1972,  it  was  generally 
believed  that  the  energetic  ion  population  in  the  magnetosphere  was  always 
dominated  by  protons  (H*)  and  that  the  source  of  these  ions  was  the  solar  wind 
(ref.. 3  and  A).  This  viewpoint  was  specifically  reflected  in  the  summary  of  the 
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SUMMARY 


During  the  earth  eclipse  of  the  SCATHA  spacecraft  on  28  March  1979, 
the  spacecraft  charged  to  potentials  greater  than  1KV  for  about  30  minutes 
with  extended  excursions  greater  than  4KV.  The  composition  of  the  hot 
plasma  was  obtained  in  the  0.1  to  32  keV  energy  range  with  an  ion  mass 
spectrometer  aboard  the  spacecraft.  Prior  to  the  onset  of  the  charging 
event,  H+  was  the  principal  plasma  ion,  and  during  the  event  0+  was  the 
principal  ion.  The  composition  was  energy  dependent  and  varied  significantly 
on  a  time  scale  of  4  minutes.  An  assumption  that  the  ion  flux  was  all  H 
would  lead  to  computed  number  densities  that  were  in  error  by  more  than  a 
factor  of  2  for  several  time  intervals  during  the  event. 
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INTRODUCTION 


The  number  density  of  the  hot  plasmas  that  produces  spacecraft 
charging  is  frequently  determined  from  on-board  measurements  of  the  ion 
fluxes  with  energies  above  the  spacecraft  potential.  To  determine  ion  den¬ 
sities  from  flux  measurements,  mass  composition  of  the  plasmas  must  be  known 
or  assumed.  Also,  the  secondary  electron  production  by  keV  ions  incident  on 
spacecraft  surfaces  is  often  strongly  dependent  on  the  ion  mass.  Prior  to 
1977  when  hot  plasma  composition  measurements  at  high  altitudes  in  the  equa¬ 
torial  regions  began,  it  was  generally  assumed  that  H*  was  the  dominant  hot 
plasma  ion  (ref.  1).  Measurements  extending  up  to  32  keV  have  now  estab¬ 
lished  that  O*  ions  are  frequently  significant  contributors  to  the  plasma 
density  and  during  times  of  high  geomagnetic  activity  are  often  the  dominant 
hot  plasma  ions  (ref.  1,  2,  3). 

The  SCATHA  spacecraft  has  provided  the  first  opportunity  near  the 
geostationary  spacecraft  altitude  to  obtain  the  hot  plasma  composition  dur¬ 
ing  spacecraft  charging  events  that  produce  potentials  above  a  few  hundred 
volts.  (The  GEOS  spacecraft,  which  also  obtained  hot  plasma  composition 
measurements  (ref.  2),  did  not  charge  to  high  potentials.)  This  report 
provides  composition  Information  during  the  charging  event  on  28  March  1979 
with  a  time  resolution  of  4  minutes. 

*This  research  has  been  sponsored  by  the  Office  of  Naval  Rest- arch  and  the 
U.S.  Air  Force  under  contract  N00014-76-C-0444 ,  and  by  the  Lockheed  Inde¬ 
pendent  Research  Program. 
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Tbe  SCATHA  spacecraft  provides  hot  plasma  (0.1-32  keV)  composition 
measurements  near  the  equatorial  plane  in  the  L-shell  range  from  about  5.3  to  8.3.  The 
SCATHA  mass  spectrometer  has  provided  the  first  routine  pitch  angle  distribution 
measurements  as  a  function  of  the  ion  mass  near  the  equatorial  plane  and  has  doubled 
the  upper  energy  range  of  previous  plasma  composition  measurements.  Ion  pilch  angle 
distributions  are  often  found  to  be  highly  anisotropic,  temporally /spatially  structured, 
and  mass  dependent.  During  geomagnetic  storms,  hot  plasma  ions  of  ionospheric 
origin  are  found  to  be  a  major  and  frequently  dominant  component  of  the  ion  number 
and  energy  densities  in  the  outer  ring  current  region  of  the  magnetosphere.  Following 
magnetic  substorm-injection  events,  energy-dispersed  drifting  ion  clouds  observed  at 
the  SC  ATH  A  orbit  often  contain  large  fluxes  of  O*  ions  and  provide  insight  into  the 
spatial  temporal  history  of  the  ions  The  composition  of  the  intense  warm  (about 
10-  $00  eV )  ion  fluxes  trapped  within  a  few  degrees  of  tbe  magnetic  equator  has  beeD 
found  to  be  dominated  bv  H*  ions  at  the  measured  energies  above  100  eV. 


1  Introduction 

The  SCATHA  spacecraft  was  launched  in  January  1979  into  a  high  altitude 
elliptical  and  nearly  equatorial  orbit  to  investigate  spacecraft  charging  at  the  high 
altitudes  (hence  SCATHA)  and  to  investigate  the  plasma  and  wave  environments 
which  lead  to  spacecraft  charging  A  wide  range  of  particle  and  field  instrumentation 
was  included  in  the  payload,  as  well  as  ion  and  electron  guns  and  a  set  of  engineering 
experiments  for  spacecraft  charging  studies.  Details  on  the  instrumentation  and  on  the 
program  objectives  are  contained  in  a  report  by  Stevens  and  Vampola  (1978). 

The  SCATHA  spacecraft  is  in  a  nearly  geosynchronous  orbit  with  apogee  at 
7.8  R,,  perigee  at  5.3  R,.  and  an  inclination  of  7.9C.  The  orbital  period  is  23.7  hours, 
resulting  in  an  eastward  drift  of  the  groundtrack  by  about  5'  per  day.  The  spacecraft  is 
spin  stabilized  with  a  spin  period  of  one  minute.  The  spin  axis  lies  in  the  orbital  plane 
and  is  perpendicular  to  the  sun-earth  line  typically  within  5:. 

The  SCATHA  payload  includes  the  Lockheed  ion  mass  spectrometer  for  hot 
plasma  composition  measurements  in  the  energy  range  0.1  to  32keV/q.  The  mass 
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The  Radial  Gradient  of  0.1-  to  32-keV  H*  and  O*  and  the  Azimuthal  Wave 
Electric  Field  as  Inferred  From  a  Large-Scale  Dayside  Pulsation 
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"  In  this  report  we  use  0.1-  to  J2-keV  H*  and  O*  flux  modulations  observed  during  i  large-scale  dayside 

pulsation  event  at  —6  Kc  near  the  equatorial  plane  on  April  4.  1979,  to  estimate  the  azimuthal  wave  elec¬ 
tric  held  and  spatial  radial  gradient  of  the  phase  space  densities  for  the  two  ion  species  as  a  function  of 
energy.  We  first  find  that  the  average  azimuthal  electric  field  associated  with  the  wave  has  an  amplitude 
of  approaimately  10  mV/m:  this  electric  field  magnitude  can  cause  field  lines  to  be  displaced  -I  S  Rc 
during  the  course  of  an  oscillation.  Becuaae  of  the  large  field  displacement  we  can  infer  the  ion  distribu¬ 
tion  spatial  radial  gradients  from  a  theoretical  eapreasion  which  describes  the  effects  of  a  resonant  hydro- 
magnetic  wave  on  a  particle  distribution.  We  find  that  for  both  H  *  and  O",  if/df>  <  0  for  all  energies  In 
addition,  we  find  that  the  spatial  scale  length  for  changes  in  /  for  both  O*  and  H*  is  generally  of  the 
order  of  several  earth  radii. 


Introduction 

In  recent  years  the  capability  of  using  panicle  measure¬ 
ments  to  study  hydromagnetic  oscillations  of  the  magnet¬ 
osphere  has  been  realized.  Various  studies  have  used  observa¬ 
tions  of  panicle  oscillations  to  analyze  different  features  of  the 
hydromagnetic  wave.  Lin  ei  al.  (1976)  showed  that  local  Fermi 
and  betatron  acceleration  in  compressions!  wave  events  with 
2-  to  12-min  periods  could  account  for  the  observed  oscilla¬ 
tions  of  50-keV  to  1-MeV  electrons.  From  the  90°  phase  shift 
between  the  plasma  and  Pc  4  magnetic  waves.  Cummings  ei  al. 
(1978]  inferred  that  they  were  seeing  standing  field  line  oscil¬ 
lations  with  the  plasma  oscillations  caused  by  the  E  *  B  drift 
motion  induced  by  (he  wave  electric  field.  Kokabun  el  al. 
(1977]  arrived  at  a  similar  conclusion  for  low-energy  (<600 
«V)  plasma  oscillations  during  a  Pc  5  event,  but  they  also 
found  that  the  phase  of  79-  to  330-keV  particle  oscillations 
with  respect  to  the  magnetic  oscillation  depended  on  energy 
and  local  time,  suggesting  a  coupling  between  the  magnetic 
drift  motion  of  the  energetic  panicles  and  the  azimuthal  elec¬ 
tric  field  of  the  wave.  Hughes  ei  al.  (1979]  also  found  low-en¬ 
ergy  protons  in  quadrature  with  a  compressions!  Pc  4  mag¬ 
netic  fluctuation,  again  indicative  of  the  plasma  drift  velocity 
induced  by  the  wave  electric  field,  and  they  also  found  that 
the  higher-energy  protons  were  in  antiphase  with  B  and  thus 
the  total  perpendicular  pressure  was  conserved.  Hughes  et  al. 
found  ftuther  that  electron  oscillations  at  most  energies  were 
out  of  phase  with  B.  and  they  concluded  that  the  effects  of  the 
wave-induced  drift  velocity  were  not  important  because  elec¬ 
trons  have  much  higher  thermal  velocities  than  protons  of  the 
same  energy,  linger  and  Kirtlson  (1979]  used  ion  density  fluc¬ 
tuations  to  identify  the  electric  perturbation  of  a  Pc  3  oscilla¬ 
tion  when  Ogo  3  was  at  a  node  of  the  magnetic  oscillation. 

It  is  the  purpose  of  this  brief  report  to  examine  panicle  be¬ 
havior  during  a  large-scale,  long-period  compressional  oscilla¬ 
tion  of  the  magnetosphere  to  infer  properties  of  the  wave  as 
well  as  the  spatial  distribution  of  H*  and  O*.  The  data  that  we 
srill  be  using  were  obtained  from  the  Lockheed  ion  mass  spec¬ 
trometer  aboard  the  Scatha  satellite.  Scaiha  was  launched  into 
a  near-equatonal,  near-geosynchronous  orbit  in  January 
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1979.  Although  similar  in  design  to  previous  Lockheed  in¬ 
struments.  the  mass  spectrometer  aboard  Scatha  can  sample 
the  energy  range  from  0.1  to  32  keV/q.  Previous  instruments 
could  measure  the  various  ion  species  with  energies  only  up  to 
-15  keV/q.  The  Scatha  instrument  is  also  capable  of  sam¬ 
pling  practically  the  entire  pitch  angle  range  each  spin  (- 1 
min).  For  a  more  complete  instrument  description,  see  Kaye  et 
aL  (1981], 

As  we  shall  see.  the  large-scale  and  long-period  wave  event 
of  interest  prevents  us  from  explaining  the  corresponding  par¬ 
ticle  oscillations  by  a  single  mechanism.  For  instance,  the  be¬ 
tatron  acceleration  due  to  the  compression  of  B  cannot  be 
used  alone  to  explain  the  particle  response;  effects  due  to  field 
line  motion  and  the  existence  of  a  spatial  radial  gradient  in 
the  particle  distribution  as  well  as  the  acceleration  of  panicles 
by  the  wave  electric  field  must  also  be  recognized  By  assum¬ 
ing  that  the  radial  gradient  of  the  panicle  phase  space  density. 
91/BR.  is  independent  of  energy  over  a  limited  range  of 
energies,  we  can  estimate  the  azimuthal  wave  electnc  field 
from  differences  in  the  phase  space  density,  at  various  wave 
phases,  of  ions  in  that  energy  range.  Iterating  this  process,  we 
find  the  best  estimate  for  the  wave  electric  field  to  be  10  mV/ 
m  ±  13%  peak  to  peak;  such  an  electric  field  can  cause  a  field 
line  displacement  of  -1.5  Re. 

With  this  value  for  the  wave  electric  field  we  then  compute 
the  radial  gradients  (Bf/BR)  of  H*  and  O*  for  energies  from  I 
to  30  keV.  For  the  panicular  storm  of  interest,  on  April  4. 
1979,  we  find  that  Bf/BR  <  0  for  both  H"  and  O*  in  the  energy 
range  from  I  to  32  keV.  In  addition,  the  spatial  scale  lengths 
for  changes  in  f  were  typically  of  the  order  of  several  earth 
radii.  We  have  previously  shown  (R.  G.  Johnson  et  al .  1980) 
that  during  this  storm.  O'"  was  the  dominant  ion  over  the  en¬ 
tire  energy  range.  Furthermore,  we  presented  evidence  to  sug¬ 
gest  that  the  >l-keV  O'"  and  H*  ions  were  energized  in  pan 
by  earthward  adiabatic  convection.  The  similarity  of  (be 
radial  gradients  and  spatial  scale  lengths  for  O"  and  H"  that 
are  calculated  in  this  study  is  further  evidence  that  for 
energies  of  >1  keV  these  two  ion  species  underwent  similar 
Irani pon  and/or  acceleration  processes. 

Observations  and  Calculations 

The  pulsation  event  of  interest  occurred  on  April  4,  1979. 
and  was  seen  by  instruments  aboard  Scatha  from  -0400  to 
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Observations  of  Transient  H+  and  O*  Bursts  in  the  Equatorial  Magnetosphere 
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Twenty-two  days  of  data  bom  the  lochkrrd  ion  mu*  tpecuometer  aboard  tbc  Scalba  Mlrihtr  woe 
■*  wed  to  perform  i  suusucal  study  of  short-lived  H*  and  O*  bursts  observed  in  the  equatorial  magnct- 
ospbere.  The  results  of  the  study  indicate  that  the  ion  burst*  were  transient  phenomena  occurring  primar¬ 
ily  in  the  nighttime  sector  during  periods  of  enhanced  geomagnetic  activity.  The  average  energy  of  the 
bursts,  <  IP),  was  I  keV,  although  the  bums  were  found  to  occur  over  any  portion  of  the  instrument's 
100-eV  to  32-keV  energy  range.  Over  one  third  of  the  observed  bursts  were  associated  wit-1,  field-aligned 
electrons  Rowing  from  the  same  hemisphere  u  the  bursts.  The  energy  width  (A  W/<  W,  m  I)  and  the 
pilch  angle  width  (u  great  u  30*)  of  the  bursts  suggest  that  the  ions  had  undergone  substantial  velocity 
space  diffusion  dose  to  the  geomagnetic  equator. 


Introduction 

One  of  the  more  exciting  topics  in  current  space  research  is 
the  role  of  the  heavy  ion  constituent  in  magnet  osphenc  dy¬ 
namics.  The  picture  that  is  emerging  has  the  heavy  ions  acting 
as  more  than  just  a  minor  perturbation  in  the  magnetosphere; 
ns  one  example,  Cornwall  and  Schulz  1 1979]  and  Kay*  tt  aL 
(1979)  demonstrated  that  both  cold  and  energetic  heavy  ions 
could  dramatically  affect  electromagnetic  wave  propagation 
below  the  H*  gyrofrcquency  and  thus  influence  ring  current 
decay.  Heavy  ions  of  ionospheric  origin  are  not  confined  to 
the  inner  magnetosphere.  Ghielmetti  tt  aL  [19796],  Frank  tt  aL 
(1977),  and  Hardy  tt  al.  [1977]  all  observed  streaming  O*  in 
the  magnetou.il  out  to  distances  of  -23  Rt,  33  R,.  and  60  R& 
\  •  respectively 

Ionospheric  ions  can  be  used  also  as  probes  of  adiabatic 
and  nonad ubs tic  acceleration  mechanisms  at  low  altitude. 
Ion  beams,  distributions  with  peak  fluxes  in  the  direction  of 
the  magnetic  field  line,  are  indicative  of  a  parallel  acceleration 
mechanism  and  were  frequently  observed  aboard  S3-3 
[Shelley  tt  aL.  1976;  Sharp  tt  aL,  1977;  Mu  era  and  Fennell, 
1977;  D.  J.  Gorney  et  aL,  unpublished  manuscript.  1979].  Evi¬ 
dence  for  a  transverse  heating  mechanism  has  been  in  the 
form  of  the  ion  conic,  a  distribution  symmetric  about  the  field 
line  direction  whose  flux  peaks  at  some  oblique  pilch  angle 
(Sharp  tt  aL,  1977;  Miitra  tt  aL,  1977;  Klumpar,  1979;  Ung- 
strap  et  al.  1979).  Transverse  heating  was  also  inferred  from  the 
IO*-20°  width  (FWHM)  of  field-aligned  ion  distributions 
| Ghielmetti  et  al.,  1978,  1979a],  Tbe  theoretical  work  of  Kmdel 
and  Kennel  (1971]  indicated  that  electrostatic  ion  cyclotron 
waves,  which  could  produce  such  transverse  healing,  could  be 
destabilized  by  electron  drifts  at  an  altitude  of  several  thou¬ 
sand  kilometers.  Lysak  et  aL  (1980]  used  this  idea  to  study  the¬ 
oretically  ion  heating  by  electrosutic  ion  cyclotron  turbu¬ 
lence.  Perkins  et  al  (1976]  showed  that  these  waves  could  be 
desubilized  also  by  ion  beams.  Very  recently,  Kintner  et  al 
(1979)  presented  simultaneous  low-altitude  observstions  of 
electrostatic  hydrogen  cyclotron  waves  and  upflowing  ener¬ 
getic  ions  (H*  and  O")  demonstrating,  for  the  first  time,  the 
dote  relation  between  these  ions  and  waves.  Lennansson 
(1980]  has  suggested  that  transverse  ion  heating  and  genera¬ 
tion  of  ion  cyclotron  waves  arise  as  a  natural  consequence  of 


the  interaction  between  the  hot  auroral  plasma  and  the  geo¬ 
magnetic  field. 

in  a  previous  study,  Ghielmetti  et  aL  [1978]  performed  a  sta¬ 
tistical  analysis  of  upflowing  ion  events  (UFI).  consisting  of 
both  beams  and  conics,  observed  in  the  energy  range  from  300 
eV  to  16  keV  on  the  S3-3  satellite.  The  key  results  of  this 
study  were  that  the  UFI  coincided  spatially  with  the  Felds tem 
auroral  ovaL  the  occurrence  frequency  of  UFI  increased  with 
increasing  altitude  (showing  a  sharp  rise  in  frequency  at  5000 
km),  and  the  UFI  occurred  predominantly  in  the  dusk  local 
time  sector  with  very  few  events  between  midnight  and  dawn 
local  times. 

In  a  very  recent  study,  D.  J.  Gorney  et  al.  (unpublished 
manuscript.  1979)  extended  the  Ghielmetti  et  al.  study  by  dis¬ 
tinguishing  between  beams  and  conics  in  the  energy  range  90 
cV  to  4  keV.  This  procedure  enabled  Gorney  et  aL  to  point 
out  the  differences  in  character  of  the  two  types  of  distribu¬ 
tions.  For  instance,  during  quiet  times  (Kp  s  3)  the  conics  ex¬ 
hibited  a  broad  local  time  distribution  peaked  near  noon, 
while  the  beam  local  time  distribution  peaked  in  the  pre- 
midnight  sector.  Whereas  conics  were  observed  most  fre¬ 
quently  at  altitudes  greater  than  -2000  km.  beams  were  ob¬ 
served  most  frequently  above  4000-3000  km.  In  addition, 
both  the  beams  and  tbe  conics  were  found  to  occur  more  fre¬ 
quently  at  energies  of  <400  eV  than  at  energies  of  >400  eV. 

Tbe  situation  changed  during  periods  of  high  geomagnetic 
activity  (Kp  £  3).  During  these  times,  conical  distributions 
were  spread  uniformly  in  local  time,  but  beams  exhibited  a 
strong  local  time  dependence  with  their  occurrence  probabil¬ 
ity  peaking  near  dusk.  Tbe  altitude  distribution  of  beams  re¬ 
mained  unchanged,  but  the  conics  had  an  altitude  distribution 
which  increased  systematically  with  altitude  above  4000  km 
Moreover,  the  beams  were  observed  more  frequently  during 
disturbed  than  during  quiet  times,  and  during  these  disturbed 
times  the  beam  energies  were  >2  keV  approximately  30%  of 
the  time.  In  general,  the  results  of  tbc  Gorney  et  al.  study, 
which  distinguished  between  beams  and  conics,  were  consis¬ 
tent  with  those  of  Ghielmetti  et  aL,  in  which  no  distinction  be¬ 
tween  the  two  types  of  distributions  was  made. 

Downflowing  ions  on  S3-3  were  also  reported  by  Ghielmetti 
tt  al  (1979a).  From  the  observed  pitch  angle  widths  (FWHM 
—  20*)  and  from  the  fact  that  downflowing  ion  events  oc¬ 
curred  far  less  frequently  than  upflowing  ion  events,  Ghiel¬ 
metti  etaL  [1979a]  concluded  that  strong  pitch  angle  scattering 
was  iaotropizing  the  ion  distributions  in  most  cases  within  one 
half  of  a  bounce  period. 
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Ion  Composition  of  Zipper  Events 
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■  A  dm  of  ion  distributions  has  recently  bees  identified  by  Fennell  et  el.  (this  issue).  The  distributions 
—  are  composed  of  two  components,  a  low-energy  component  with  peak  fluxes  directed  along  the  field  hoc 
and  a  high-energy  component  with  peak  fluxes  in  the  perpendicular  direction.  The  transition  between  the 
two  components  occurs  over  a  very  narrow  range  of  energies  but  can  occur  anywhere  between  approxi¬ 
mately  several  hundred  electron  volts  and  20  keV.  Because  of  the  appearance  of  this  distribution  on  an 
energy  versus  time  spectrogram,  the  ion  events  have  been  called  tippers.  The  purpose  of  this  report  is  to 
examine  the  mass  composition  of  (he  tipper  events.  We  find  that  the  low-energy  and  parallel  component 
is  composed  primarily  of  O*.  with,  to  a  letter  degree,  H*  and  a  trace  of  He*.  The  high-energy  and  per¬ 
pendicular  component  is  predominantly  H*.  with  the  relative  abundances  of  O*  and  He*  down  from 
those  of  the  low-energy  component  by  a  factor  of  -10.  These  results  suggest  that  whereas  the  low-energy 
component  is  probably  ionospheric  in  origin,  the  source  of  the  high-energy  component  is  most  probably 
the  platmashcet- 


iNTRODUCTION 

In  n  companion  paper.  Fennell  et  aL  (this  issue]  present 
some  rather  interesting  observations  of  ion  distributions  near 
synchronous  altitudes.  From  data  obtained  aboard  the 
SCATHA  (P78-2)  satellite,  Fennell  et  aL  found  numerous  ex¬ 
amples  in  which  the  low-energy  portion  of  the  ion  distribution 
peaked  in  a  direction  parallel  to  the  field  line,  while  the 
higher-energy  fluxes  peaked  in  a  direction  perpendicular  to 
the  field  line.  There  was  a  well-defined  transition  energy  any¬ 
where  between  several  hundred  electron  volts  and  -20  keV  at 
*iich  the  distributions  changed  from  field  aligned  to  trapped. 
•  sen  viewed  in  an  energy  versus  time  spectrogram  format, 
jC  intermeshing  of  these  two  portions  of  the  ion  distribution 
within  a  narrow  energy  range  gave  the  appearance  of  a  zipper. 

As  is  discussed  by  Fennell  et  aL  (this  issue],  field  aligned  ion 
distributions  in  the  equatorial  region  near  synchronous  orbit 
are  not  new.  Field-aligned  equatorial  distributions  have  been 
reported  by  Mclhvain  (1975],  Borg  el  aL  (1978],  Gnu  et  aL 
(1978],  Comfort  and  Horwitz  (1981],  and  Kaye  et  aL  (1981]. 
The  source  of  these  distributions  was  generally  believed  to  be 
the  ionosphere.  Fennell  et  aL  attempted  to  determine  whether 
the  low-energy  and  parallel  portion  of  their  observed  distribu¬ 
tions  originated  from  a  source  different  from  that  of  the  high- 
energy  and  perpendicular  portion.  Although  Fennell  et  aL 
suggested  that  indeed  the  two  portions  of  the  distributions  had 
different  sources,  they  deferred  to  the  mass  composition  mea¬ 
surements  to  settle  this  question. 

It  is  the  purpoae  of  this  paper  to  investigate  the  ion  mass 
composition  of  the  zipper  distributions  observed  by  the 
SCATHA  satellite  to  determine  whether  different  source  regions 
are  implied  for  the  high  and  low  portions  of  the  distributions. 
Such  differences  are  in  fact  found.  The  low-energy  and  field- 
aligned  portion  of  the  zipper  distribution  is  composed  primar¬ 
ily  of  O*.  along  with  some  H*  and  traces  of  He*,  suggesting 
that  this  portion  of  the  distribution  was  ionospheric  in  origin 
[Shelley  et  aL,  1972;  Johnson  et  aL,  1974].  On  the  other  hand, 
the  higher-energy,  perpendicular  particles  were  primarily  H*. 
with  the  relative  O*  abundance  down  from  that  of  the  lower - 
>ergy  population  by  about  a  factor  of  10.  Consequently,  our 
Aihs  indicate  that  whereas  the  low-energy,  parallel  fluxes 
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were  probably  directly  injected  from  the  ionosphere,  the 
higher-energy,  perpendicular  fluxes  were  most  probably  co ri¬ 
ved  ed  in  from  the  plasmasheet. 

The  data  that  we  use  were  obtained  from  the  Lockheed  ion 
mass  spectrometer  aboard  the  SCATHA  satellite.  The  mass 
spectrometer  is  capable  of  measuring  the  various  ion  species 
in  the  energy  range  0.1-32.0  keV  and  is  capable  of  sampling 
practically  the  entire  range  of  pitch  angles  each  spin  (-1  rpm). 
For  a  more  complete  description  of  the  instrument,  see  Kaye 
et  aL  (1981),  and  for  a  description  of  the  orbital  parameters  of 
the  SCATHA  satellite,  see  Kaye  et  aL  (1981]  or  Fennell  et  aL 
(this  issue). 

For  our  study  we  examined  eight  zipper  events,  each  event 
interval  being  1  hour  long.  A  list  of  the  eight  events,  the  satel¬ 
lite  position  midway  through  the  interval,  and  the  transition 
energy  as  identified  on  the  Aerospace  spectrograms  (D. 
Croley,  private  communication,  1980)  is  given  in  Table  1.  A 
selection  criterion  for  the  events  was  that  the  transition  energy 
remain  constant  throughout  the  1-hour  interval 

Data 

Energy  Spectra 

The  zipper  events  identified  in  the  Aerospace  spectrograms 
clearly  showed  a  predominance  of  90°  pitch  angle  particles 
above  the  zipper  energy  and  a  predominance  of  0°  pitch  angle 
particles  below  the  transition  energy.  What  will  become  clear 


TABLE  l.  Date,  Universal  Tune,  L  Value,  Dipole  Latitude,  Mag¬ 
netic  Local  Time,  and  Transition  Energy  (as  identified  From  the 
Aerospace  Spectrograms)  for  the  Eight  Zipper  Events  Studied  Here 


Date.  1979 

ut 

L 

Xp 

MLT 

Zipper 

Energy. 

keV 

Feb.  22 

1 1 00- 120. 

7.7 

fit 

6.5 

4-6 

2100-2200 

6.7 

15.9 

14.3 

2-4 

March  28 

0230-0330 

7.5 

-S3 

7.8 

-10 

0400-0500 

7.0 

-3.6 

9.0 

0630-0730 

6.4 

-1.3 

112 

-4 

March  29 

0230-0330 

7.4 

-5.3 

80 

-10 

March  30 

0700-0800 

5.5 

-8.1 

163 

-3 

April  4 

0600-0700 

58 

-4  J 

134 

3-4 

1)83 
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Abstract.  The  mass  composition  of  the  Intense 
wan  (E  -'10-500  eV)  Ion  populations  trapped  within 
a  few  Agrees  of  the  geomagnetic  equator  In  the 
range  L  »  5. 3-8. 5  are  examined  using  data  from  the 
Lockheed  Ion  Hass  Spectrometer  on  the  SCATHA 
spacecraft.  The  equatorlally  trapped  Ions,  within 
the  measured  energy  range  E/q  >  100  eV,  are  found 
to  be  predominantly  protons.  These  Ions  can  be  re¬ 
moved  and  replenished  from  the  region  ssmpled  on 
time  scales  shorter  than  one  day.  Several  recent 
works  have  focused  on  the  energization  of  Be*  In 
the  equatorial  region  by  Ion  cyclotron  waves.  It 
is  now  evident  that  an  energisation  and/or  trans¬ 
port  process  le  required  which  produces  equatorial 
H*  populations  similar  to  those  that  have  been 
predicted  for  He*. 

Intense  fluxes  of  Ions  trapped  within  a  few 
degrees  latitude  of  the  magnetic  equator  In  the 
range  L  -  5.3  -  6.5  have  been  reported  by  Olsen 

(1981)  using  data  from  the  UCSD  Charged  Particles 
Experiment  on  the  SCATHA  spacecraft.  These  Ions 
are  extremely  anisotropic  with  a  peak  at  90°  pitch 
angle  gnd  decreasing  by  over  an  order  of  magnitude 
10  -20  away  from  the  perpendicular  to  the  field 
line,  with  broader  distributions  at  lower  ener¬ 
gies.  The  occurrence  frequency  for  this  popula¬ 
tion  In  the  measured  local  time  region  from  0900- 
2200  was  30-502.  A  systematic  study  of  the  comp¬ 
osition  of  this  population  has  not  previously  been 
conducted. 

Recently  several  workers  have  focused  on  the 
possibility  of  a  substantial  He*  population  trap¬ 
ped  In  the  geosynchronous  equatorial  region. 
Young  at  al.  (1981)  have  reported  GEOS  -1  and  -2 
measurements  showing  He*  heating  to  hundreds  of  eV 
coincident  with  the  onset  of  Ion  cyclotron  waves. 
Hauk  at  al.  (1981)  have  Interpreted  a  wave  frequ¬ 
ency  gap  near  the  He* cyclotron  frequency  as  being 
due.  In  part,  to  He* Ion  cyclotron  resonance.  Hauk 
(1962)  has  also  predicted  that  the  wave  generation 
process  will  leave  an  energised  He*  population 
concentrated  predomlnatly  near  the  geomagnetic 
equator  (2  0°),  One  candidate  for  wave-heated 
He*  la  the  equatorlally  trapped  Ion  population 
reported  by  Olsen  (1981). 

Horwltz  at  al.  (1981)  have  examined  'pancake 
distributions’  below  100  eV  using  data  from  ISEE- 
-1 .  These  panceke  distributions  were  found  In  both 
H*  and  He*.  However  the  distributions  observed  by 
Horwltz  et  al.  extended  to  magnetic  latitudes  of 
30  (corresponding  to  an  equatorial  pitch  angles 
of  34°  In  a  dipole  field)  and  Included  a  broader 
selection  criteria  than  the  narrowly  confined 
’equatorlally  trapped*  population  reported  by 
Olsen.  The  observations  of  He*  heating  by  Young  et 
al.  (1981)  were  more  than  10°  off  the  magnetic 
equator  In  three  of  the  four  cases  Investigated. 
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In  the  one  case  at  3.1°  magnetic  latitude,  pitch 
angle  data  were  not  presented.  Thus,  their  Ion 
observations  appear  to  be  generally  associated 
with  a  different  population  than  that  reported 
within  a  few  degrees  of  the  equator  by  Olsen 
(1981). 

In  this  report  we  discuss  results  from  the 
Lockheed  Ion  Hass  Spectrometer  onboard  the  SCATHA 
spacecraft  for  eight  crossings  of  the  magnetic 
equator  during  which  the  Intense  trapped  Ions  with 
energies  above  100  eV  were  present  within  a  few 
degrees  of  the  magnetic  equator.  Data  from  3  of 
the  8  cases  are  presented  and  discussed  In  detail. 
The  observations  presented  below  show  that  the 
portion  of  the  anisotropic,  equatorlally  trapped, 
ion  population  above  100  eV/q  consists  primarily 
of  protons. 

The  Instrument  consists  of  three  analyzers, 
each  covering  8  energy  steps  In  contiguous  por¬ 
tions  of  the  range  from  100  eV/q  to  32  keV/q.  The 
data  in  this  report  are  taken  from  the  ’sweep* 
mode,  In  which  each  analyzer  head  cycles  through  6 
energy  steps  In  16  seconds,  spending  2s  at  each 
energy.  A  32  point  mass-per-charge  spectrum  is 
sampled  during  each  two  second  period.  The  FWHM 
pitch  angle  resolution  Is  5  .  Pitch  angle  sampling 
Is  accomplished  by  spacecraft  spin,  with  a  spin 
period  of  approximately  1  minute.  A  more  detailed 
description  of  the  Instrument  Is  given  by  Kaye  et 
al.  (1981). 

Observations 

Three  examples  of  equatorlally  trapped  Ions 
were  chosen  for  detailed  presentation.  The  energy 
range  of  the  equatorlally  trapped  population  for 
the  selected  events  extended  well  Into  the  hund¬ 
reds  of  eV,  within  the  range  of  the  mass  spectro¬ 
meter.  The  Harch  22,  1979  case  may  bold  special 
Interest  because  of  Its  coincidence  with  one  of 
the  CDA'.'-6  periods.  (The  Sixth  Coordinated  Data 
Analysis  Workshop  (CDAW-6)  Is  an  international 
cooperative  study  focusing  on  energy  transfer  In 
near-Eartb  space  for  two  selected  periods.) 

Hay  16,  Day  136,  1979 

The  first  case  analyzed,  day  136  of  1979,  was 
chosen  to  allow  direct  comparison  with  the  data 
published  by  Olsen.  The  SCATHA  spacecraft  at  the 
time  or  interest  vae  crossing  tne  geomagnetic 
equator  near  local  dusk,  at  a  radial  distance  of 
approximately  5.5  R_. 

In  order  to  examine  the  mass  composition  of  the 
equatorial  Ions,  the  data  were  sorted  Into  six  15° 
pitch  angle  bins,  folded  about  90°.  The  counts  In 
the  lowest  three  energy  channels  (100,  129,  J 65 
eV/q)  were  summed  over  the  half  hour  interval  from 
18:00  to  16:30  (IT.  The  counts/sample  were  Chen 
plotted  versus  pitch  sngle  for  the  four  species  H* 
He*  ,  He*+  0*. 

Figure  1  shows  the  relative  counts  per  sample 
(Including  background)  for  H*  and  He*.  The  data 
have  been  normalized  by  the  maximum  counts/sample 
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ABSTRACT 

A  large  number  of  time  varying  electron  and  ion  features,  such  as  those 
observed  in  energy-time  spectrograms  of  data  obtained  near  geosynchronous  orbit, 
have  been  previously  explained  through  the  use  of  an  Injection  boundary  model. 
This  model  describes  such  features  in  terms  of  the  dispersion  signatures  of 
fresh,  hot  plasma  which  is  "injected"  into  an  extended  region  tailvard  of  an 
Injection  boundary  at  the  time  of  substorm  onset.  Using  data  from  the  Lockheed 
ion  composition  Instrument  and  the  UCSD  electron  and  ion  analyzers  on  SCATHA,  we 
present  two  events  indicating  that  Innermost  edge  of  the  injection  region  is  an 
especially  important  location  for  the  substorm  input  of  ionospheric  ions.  The 
injection  signatures  are  identified  by  comparison  of  electron  and  ion  data  with 
the  dispersion  features  predicted  by  various  electric  and  magnetic  field  models. 
In  both  events  the  ion  composition  data  show  Intense,  narrow  energy,  field- 
aligned  0+  fluxes  on  the  limiting  edge  of  the  dispersing  ions.  This  feature 
corresponds  to  ions  which  can  be  backtracked  to  localized  positions  in  the 
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vicinity  of  the  injection  boundary  at  the  onaet  time.  We  conclude  that  the 
injection  boundary,  which  corresponds  statistically  to  the  equatorvard  edge  of 
the  auroral  oval,  la  at  times  the  location  of  direct  ionospheric  ^Anput  into  the 
trapped,  energetic  particle  population. 

INTRODUCTION 

One  of  the  aost  commonly  observed  ion  populations  in  the  vicinity  of 
geosynchronous  orbit  is  the  field  aligned  distribution  occurring,  typically,  at 
energies  below  a  few  tens  of  keV.  This  pitch  angle  distribution  was  termed  a 
"source  cone"  by  Mauk  and  Mcllwaln  (1975),  in  contrast  to  the  loss  cone  distri¬ 
bution  seen  at  higher  energies.  Fennel  et  al.  (1981)  studied  occurences  of  the 
combined  source  and  loss  cone  distributions,  which  they  called  a  "ripper  distri¬ 
bution"  because  of  the  appearance  of  the  spin  nodulated  data  on  a  spectrogram, 
and  noted  that  substorm  injection  events  both  Increase  the  Intensity  of  the 
source  cone  Ions  and  change  the  upper  energy  cutoff. 

Gei6s  et  al.  (1978),  during  special  maneuvers  of  the  GEOS  spacecraft  which 
allowed  good  pitch  angle  sampling,  reported  ion  compostlon  measurements  of  low 
energy  field-aligned  ions  which  were  apparently  of  recent  ionospheric  origin.  A 
larger  data  base  of  compostlon  measurements  with  good  pitch  angle  sampling  was 
provided  by  the  SCATHA  spacecraft  which  allowed  Kaye  et  al.  (1981)  to  determine 
that  the  source  cone  portion  of  the  sipper  distribution  is  composed  primarily  of 
0+.  It  should  be  noted  however  that  these  measurements  were  made  near  solar 
maximum,  and  long  term  studies  of  near  90  degree  fluxes  with  the  GEOS  spacecraft 
(Young,  1982)  Imply  a  strong  variation  in  ionosperic  input  with  solar  cycle. 
Although  the  data  taken  at  geosynchronous  altitudes  clearly  indicate  an  Iono¬ 
spheric  source  for  the  source  cone  population,  the  pitch  angle  distributions 
measured  near  the  equator  are  fairly  broad  (half  width  approximately  20°)  *nd 
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ABSTRACT 

Hot  plena  composition  aaaaureaants  (E/q-0.1  - 
32  keV/el,  Bade  with  the  near  equatorial  5CATHA 
spacecraft  at  geocentric  distances  of  5. 3-7.8  R^, 
provided  the  first  routine  pitch  angle  distribu¬ 
tions  of  Ion  composition  In  the  vicinity  of  geosyn¬ 
chronous  orbit.  Pronounced  pitch  angle  and  spec¬ 
tral  differences  between  ion  species.  In  addition 
to  tcaporal  variations  within  each  species,  are 
indicative  of  many  of  the  coaplcx  source,  energi¬ 
sation,  transport,  and  loss  aechanlsas  at  play  in 
the  aagnetosphere.  Ion  populations  of  Interest 
Include:  1)  field  aligned  Iona  below  several  keV 
which  are  pritiarily  ionospheric;  and  2)  aore 
energetic  ions  peaked  at  90°  pitch  angle,  and  3) 
Intense  equatorlslly  trapped  ions  below  a  few 
hundred  eV,  which  are  coaposed  prlaarlly  of 
protons.  Ionospheric  plasaa  has  been  observed  to 
take  part  in  the  substora  injection  oroeess,  and 
there  Is  evidence  of  an  enhanced  ionospheric  source 
at  the  inner  edge  of  the  injection  region. 

keywords:  Ton  Composition,  Ionospheric  Tons, 
Substora  Injection,  Equatorlslly  Trapped  Tons, 

Pitch  Angle  Distributions,  Source  Cone  Tons 


1 .  INTRODUCTION 

The  SCATRA  spacecraft  (P7R-2)  was  plsecd  into  an 
elliptical  erbit  with  apogee  of  7.  R  P_  and  perigee 
of  5.3  R_  in  February,  1979.  The  orbit  inclination 
is  approxlaatly  8°  and  the  period  is  somewhat  less 
than  2*  hours,  resulting  in  an  eastward  drift  of 
the  groundtrack  of  ”5°/day.  The  spacecrsft  spin 
period  is  nearly  one  alnute,  with  the  spin  axis 
lying  in  the  orbital  plane,  perpendicular  to  the 
earth-sun  line. 

The  Lockheed  asss  spectrometer  on  SCATHA  makes 
composition  measurements  of  ions  in  the  energy 
rang:  E/q  »  0.1  -  32  keV/e  and  the  asas  range  N/q  » 
1-32  AMl'/e.  The  instrument  it  oriented  11°  from 
the  apln  aala  normal  and  routinely  obtains  good 
pitch  angle  coverage,  with  the  look  direction  often 
passing  within  a  few  degrees  of  parallel  or  anti¬ 
parallel  to  the  magnetic  field.  Pitch  angle 
tebuUtivO  lb  5°  FVliK.  Further  detail*  uf  tliie  and 


other  SCATHA  instruments  arc  given  by  Stevens  and 
Vampola  (Ref.  1).  A  recent  review  of  the  SCATHA 
bot  plasaa  composition  results  is  given  In  Ref.  2. 

2.  SOURCE  CONE  IONS 

Two  frequently  observed  Ion  populations  seen  near 
geosynchronous  orbit  are  the  field-aligned  ions  at 
energies  below  several  keV  (termed  the  "source 
cone"  by  Mauk  and  Mcllwaln,  Ref.  3)  and  the  loss 
cone  distribution  at  higher  energies.  The  combin¬ 
ation  of  these  two  populations  was  called  a  zipper 
distribution  by  Fennel  et  al.  (Ref.  4)  because  of 
its  appearance  In  an  energy-tlae  spectrogram.  The 
composition  of  these  distributions  wae  studied  by 
Kaye  et  si.  (Ref.  5)  who  found  that  the  lov  energy, 
field-aligned  population  is  dominated  by  0^  and 
that  the  higher  energy  distribution,  peaked  at  90°, 
is  coaposed  prlaarlly  of  H+.  They  concluded  that 
the  source  cone  population  is  aost  likely  Iono¬ 
spheric  In  origin  and  that  the  high  energy 
component  is  from  the  plasma  sheet. 

Figure  1  illustrates  soae  typical  composition  and 
pitch  angle  signatures  seen  near  geosynchronous 
orbit.  The  figure  contains  energy-tine  spectro¬ 
grams,  with  Inverted  energy  scales,  for  H*  In  the 
top  panel  end  0+  below.  In  order  to  indicate  pitch 
angle  dependences  in  a  single  figure,  the  data  have 
been  sorted  Into  bine  for  “field-aligned  (0°  +  30° 
and  180°  *  30°)  and  "perpendicular"  (90°  +  30°). 

For  ssch  half  hour  Interval,  the  data  from  these 
two  bins  are  plotted  adjacent  to  each  other.  The 
interpolated  Image  thus  resembles  a  spin  modulated 
spectrogram,  with  the  square  wave  between  the  H+ 
and  0*  data  panels  Indicating  the  plotting  posi¬ 
tions  of  the  two  pitch  angle  bins.  The  source  cone 
Ions,  dominated  by  0*,  are  clearly  seen  in  Figure 
1,  covering  a  broad  energy  range  below  several  keV, 
from  about  6:00-11:00  l!T  and  following  14:00  UT. 
High  energy  H+  fluxes,  peaked  at  90°,  arc  apparent 
throughout  moat  of  the  day.  In  addition  to  the 
fairly  stable  source  cone  distributions,  field 
aligned  transient  hursts  uf  >i  jnd  a1,  ions  have 
been  observed  (Ref.  6). 

3.  IONOSPHERIC  INPUT  NEAR  THE  SUBST0KN 
INJECTION  BOUNDARY 

The  enhancement  of  the  field  aligned  ionospheric 
component  in  conjunction  with  substoras  was  studied 
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DctaM  spectral  ■casamaeais  ef  titctreM  between  47  aad  SIM  keV  have  bet*  a»4c  with  the  SC4 

ayataMM  aboard  the  F7S-2  (SCATHA)  lynwnft.  Darias  tfc*  a  triad  Jaa.  29-Feb.  Z,  1979  lb*  ayaacnfl  na 
la  a  highly  (Optical  orbit.  McaaanacaU  af  tb«  aatcr  radiatioo  bait  tlartraai  fraai  J  J  la  8.9  Earth  ra4H  arm 
awdc  acar  tbc  geoaag  *etk  e*eator.  Spta-everagtd  dactraa  spectra  la  11*34  eaergj  channels  ban  beta  ab* 
taiacd.  Tbc  aagactlr  activity  at  tbc  lac  af  tbc  aaeasanaeata  was  law,  bat  a  ■oirat  magnetic  star*  (Du  -  -  79 
j)  bad  occarrcd  - 10  days  earner.  Coatparlsaas  af  tbc  ■icrartd  radial  profllca  aad  dactraa  spectra  whb  tbc 
NASA  At-i  aad  AEI-7  HI/LO  radiation  ■adds  ban  beta  aadc.  Uada  tbcac  saadltlaas  tbc  ■taaarrd  data  arc 
la  better  agreeaacaf  with  tbc  AE-4  ■add  tbaa  wttb  tbc  AEI-7  HI  asadd,  aNboagb  tbc  praaeat  data  are  awe 
la  lease  above  4  McV  tbaa  tbc  AE-4  ■add.  Tbc  lat  pact  af  tbc  meaaarad  apectram  aa  tbc  dace  profile  ea- 
coaatcrad  by  a  syacbroaoas  orbit  aateflHc  baa  beta  examined.  Far  tbia  alnmlaim  sbldds  (<0.45  cat)  tbc  dose 
received  b  eon  parable  adag  dtber  tbc  AE-4  ar  AEI-7  asadeb  ar  tbc  as  taaarrd  spectra.  Far  thicker  sbidds  tbc 
bnatsstrablaag  doer  dominates  over  tbc  direct  dcctroa  effects. 


Introduction 

HE  USAF  Space  Test  Program  P78-2  spacecraft, 
known  as  the  Spacccraft-Charging-At -High-Altitudes 
(SCATHA)  mission,  was  launched  on  Jan.  30,  1979  into  a 
(  Highly  elliptical  transfer  orbit  having  an  apogee  of  43,183  km, 
a  perigee  of  176  km,  and  an  inclination  of  27.3  deg.  The 
spacecraft  remained  in  this  orbit  until  Feb.  2, 1979,  at  which 
time  an  adjustment  was  initiated  to  provide  the  final,  near- 
synchronous  orbit  at  7.9  deg  inclination  with  apogee  at  43,192 
km,  perigee  at  27,317  km,  and  period  of  23.397  hours.  In¬ 
cluded  in  the  P78-2  payload  complement  is  a  high-energy 
particle  spectrometer  known  as  SC-3.  This  spectrometer, 
which  is  described  in  detail  in  the  mission  description  report,1 
measures  energetic  electrons  between  47  keV  and  3100  keV, 
protons  between  1  and  200  MeV,  and  alpha  panidcs  between 
6  and  60  MeV  in  several  selectable  modes  of  operation. 

The  P78-2  transfer  orbit  provided  a  unique  opportunity  to 
study  the  entire  outer  radiation  belt  region  from  3.3  to  1.0 
Earth  radii  distance  near  the  geomagnetic  equator  during  this 
solar  maximum  epoch.  In  particular,  the  fine  resolution  and 
extended  energy  range  of  the  spectrometer  provides  the  op¬ 
portunity  to  define  the  spectrum  of  the  energetic  electrons  for 
comparison  with  existing  radiation  bell  models.  These  dais 
are  of  significant  interest  to  spacecraft  designers  and  mission 
planners  in  that  the  electrons  in  the  MeV  energy  range  con¬ 
tribute  the  dominant  radiation  dose  to  satellites  operating  in 
this  region  of  space.1  Long-duration  synchronous  satellite 
missions  are  significantly  constrained  by  the  shielding  that 
must  be  included  to  mitigate  the  degradation  and  damaging 
effects  of  them  electrons  and  their  associated  brerasstrahlung. 
The  optimum  shielding  design  of  such  spacecraft  is  critically 
linked  to  the  accuracy  to  which  the  very  energetic  electron 
fiuencc  is  known  over  the  mission  lifetime.  Because  of  the 
short  duration  of  the  transfer  orbit,  the  present  data  cannot 
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provide  the  long-term  averages  required  for  mission  planning 
but  can  provide  a  complete  radial  profile  of  spectral  shape 
ami  flux  for  comparison  with  the  radiation  models  at  this  time 
in  the  solar  cycle.  In  the  final  orbit  the  opportunity  exists  to 
analyze  an  almost  continuous  data  base  in  the  year  1979,  and 
hopefully  thereafter,  between  3.2  and  8.0  Earth  radii,  which 
encompasses  the  synchronous  orbit.  When  analyzed,  these 
data  should  provide  the  long-term  averages  necessary  for 
high-altitude  spacecraft  mission  planning.  In  this  first 
publication  of  the  SC-3  results  we  confine  our  analysis  to  the 
transfer  orbit  period. 

Experiment  Description  and  Operations 
In  the  transfer  orbit  the  SC-3  experiment  was  operated 
during  real-time  acquisition  intervals  only  since  the  satellite 
tape  recorder  was  not  yet  operational.  The  satellite  was  also 
spinning  at  a  high  rate  of  1.04  rev/s  as  compared  to  the  final 
orbit  spin  rate  of  1 .0  rev /min.  The  spin  axis  of  the  satellite  is 
maintained  perpendicular  to  the  sun-Earth  line  such  that  in  a 
single  spin  the  SC-3  instrument  scans  through  a  complete 
pitch  angle  distribution.  Since  the  sampling  rate  of  the  SC-3 
spectra  is  twice  per  second,  integration  over  one-half  of  the 
spin  period  or  110  deg  in  pitch  angle  resulted,  while  in  the 
final  orbit  pitch  angle  measurements  every  3  deg  are  being 
routinely  obtained.  Because  of  the  limited  angular  resolution 
and  the  lack  of  magnetometer  data,  only  spin-averaged 
electron  dau  are  reported  in  this  paper.  The  SC-3  experiment 
was  operated  primarily  in  the  electron  modes  during  this 
period  although  some  limited  proton  data  were  acquired. 
When  the  spectrometer  is  powered  cm,  automatic  operation  is 
achieved  in  t  hardwired  mode,  called  BACKUP,  that 
measured  electrons  between  240  and  3078  keV  in  12 
quasi  logarithmic  energy  channels.  The  spectrometer  can  also 
be  operated  from  an  internal  memory  which  determines  the 
sensor  to  be  analyzed,  the  logic  configuration  between  tbe 
several  sensors  in  the  solid-state  panicle  telescope,  and  the 
energy  range  to  be  analyzed.  The  telescope,  shown  in  cross 
section  in  Fig.  I,  consists  of  n  200-p-thick  surface-barrier 
silicoa  detector,  D,  that  is  used  to  analyze  electrons  in  the  47- 
300  keV  energy  range.  Following  this  detector  is  a  stack  of 
five  2-mm-thick  surface-barrier  silicon  detectors  connected  in 
parallel  for  a  total  stopping  range  of  1  cm.  This  detector 
stack,  E,  is  used  to  analyze  electrons  between  300  and  3100 
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SUMMARY 

The  role  that  energetic  partlclea  in  the  aubstora  plasma  have  on  the 
charging  and  discharging  of  typical  dielectric  layers  used  on  spacecraft  has 
been  Investigated  using  spectra  and  pitch  angle  distributions  measured  In  situ 
on  the  SCATHA  spacecraft  prior  to  and  during  a  few  kilovolt  differential 
charging  event  In  eclipse  conditions  on  28  March  1979.  The  particle  spectra 
have  been  input  to  deposition  codes  that  determine  the  dose  rate  as  a  function 
of  depth  in  kapton  and  teflon  layers  used  In  the  SSPM  experiment  on  SCATHA. 

The  calculated  ambient  dose  rates  of  a  few  rads/sec  throughout  the  bulk  of  the 
sample  are  sufficiently  high  that  radiation  damage  levels  can  be  reached  on  the 
time  scale  of  1  year.  Surface  dose  Is  a  factor  of  100  higher.  Bulk  conducti¬ 
vity  profiles  have  been  obtained  from  the  dose  rates  using  empirical  relation¬ 
ships  available  In  the  literature.  The  radiation-induced  bulk  conductivities 
calculated  at  the  peak  charging  time  are  found  to  be  smaller  than  the  Intrinsic 
dark  conductivity  range  of  solar-conditioned  kapton  but  higher  than  the  corre¬ 
sponding  value  for  teflon'.  The  radlatlon-lnduced  surface  conductivities  In 
both  materials  are  significantly  higher  than  their  intrinsic  values.  It  is 
concluded  that  in  this  event  the  surface  potentials  of  both  materials  were 
determined  primarily  by  the  current  density  carried  by  the  electrons  In  the 
energy  range  <  30  keV  and  that  radlatlon-lnduced  bulk  conductivity  changes  were 
not  Important  for  kapton  but  may  be  for  teflon.  It  is  further  concluded  that 
surface  charging  occurred  when  the  spectrum  hardened  and  a  corresponding  larger 
fraction  of  the  charging  current  density  was  carried  by  higher  energy  elec¬ 
trons.  The  measured  charging  spectrum  In  this  event  Is  within  a  factor  of  5  of 
the  maximum  allowable  trapping  limit  according  to  experimental  verifications  of 
the  Kennel-Petschek  theory.  It  Is  proposed  that  the  charging  current  density 
at  this  limit.  In  conjunction  with  material  properties,  will  directly  determine 
the  maximum  possible  surface  potential  In  eclipse  conditions.  Based  on  the 
measured  potential  across  the  SSPM  kapton  sample  In  this  event,  the  maximum 
likely  surface  potential  to  be  encountered  in  a  substorm  having  similar  spec¬ 
tral  characteristics  has  been  estimated. 


INTRODUCTION 


The  purpose  of  this  paper  Is  to  assess  the  role  that  the  energetic  portion 
of  the  substorm  plasma  has  on  the  charging/discharging  of  spacecraft  dielectric 
materials  such  as  kapton  and  teflon.  It  Is  a  well  established  fact  that  the 
most  severe  charging  of  spacecraft  operating  at  high  altitudes  occurs  in  the 
magnetic  mldnight-to-dawn  time  sector  where  substorms  are  highly  prevalent  and 
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ABSTRACT 

The  range  and  Haiti  on  the  space  charging  electron 
currents  available  in  the  near- geosynchronous  orbit  have 
been  identified  from  a  large  SCATHA  satellite  data  base. 
The  aost  intense  current  densities  observed  were  O.S 
nA/ca2  at  1  keV  and  O.S  pA/cn2  at  1  NeV.  The  effects  of 
these  currents  on  both  surface  and  intarnal  charging  of 
dielectrics  have  been  aodeled.  In  exposed  dielectrics 
radiation-induced  effects  significantly  increase  the 
conductivity  within  the  first  few  ua  of  the  surface, 
produce  peraanent  radiation  daaage,  and  affect  the  final 
potential  of  the  saaple.  The  calculated  electric  field 
profiles  and  surface  potential  of  a  127  ua  Kapton*  saaple 
arc  found  to  be  consistent  with  the  voltage  aeasured 
aboard  the  SCATHA  satellite  during  a  charging  event.  The 
calculated  field  strength  of  2*105  V/ca  is  below  the 
spontaneous  breakdown  level.  Transient  electrical  pulses 
observed  in  association  with  the  charging  aay  therefore 
be  due  to  capacitive  coupling  effects  rather  than  to 
breakdown.  The  electric  fields  and  voltage  internal  to 
both  plane-parallel  and  coaxial  geoaetries  containing 
a  Teflon*  dielectric  enclosed  between  two  conductors  have 
also  been  aodeled.  Electric  field  strengths  of  a  few  > 

10s  V/ca  and  Internal  potentials  of  several  kV  are  calcu¬ 
lated  for  these  typical  configurations  when  exposed  to  the 
direct  electrons  in  unusually  energetic  events.  These 
field  strengths  are  near  ainiaua  breakdown  level  but  the 
transient  pulses  observed  on  SCATHA  aay  be  associated 
with  the  internal  redistribution  of  these  high  fields 
at  the  tiaes  of  large  and  rapid  flux  changes  or  at  the 
tiaes  that  haavy  cosaic-ray  tracks  locally  discharge  the 
highly  charged  dielectric. 


INTRODUCTION 

It  is  now  well  established  that  high-altitude  space¬ 
craft  can  at  tiaes  experience  charging  in  the  space 
plasaa.  The  key  eleaents  in  the  charging  process  are 
the  intensity  and  the  energy  spectrva  of  the  space 
plasaa  electrons.  Nhen  the  current  carried  by  the  in- 
coaing  aagnetospheric  electrons  that  reach  a  spacecraft 
surface  exceeds  the  current  leaving  that  surfaca  through 
photoeaission,  secondary  eaission,  backseat taring,  and 
the  incoamg  aagnetospheric  proton  current,  the  surface 
oust  charge  negatively  to  repel  a  portion  of  tha  in- 
coeing  electrons  taitil  a  current  balance  condition  is 


reached.  Under  sunlight  conditions  the  incident  elec¬ 
tron  current  Bust  exceed  the  relatively  large  photo¬ 
electron  currents  (typically  a  few  nA/ca2)  that  are 
leaving  the  surface  before  any  significant  charging  will 
occur.  Thus,  daylight  charging  of  spacecraft  has  been 
United  to  the  few  100  V  range  based  on  the  aaxinw 
available  space  charging  currents  in  the  several  to  few 
10  keV  energy  region.  The  charging  currents  in  space 
■te  1 ini ted  by  aagnetospheric  wave-particle- interaction 
processes  that  force  the  precipitation  of  the  electron* 
into  the  ataosphere  when  the  Uniting  flux  levels  are 
exceeded  [1], 
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ABSTRACT 


Many  Ci  systems  rely  on  satellites  In  geostationary  and  other  near-earth 

orbits  that  are  largely  within  the  earth's  magnetosphere.  It  has  only 

recently  been  observed  that  the  ionosphere  plays  a  major  role  in  determining 

the  hot  plasma  environment  in  which  these  satellites  must  operate.  Spacecraft 

charging,  radiation  effects,  and  degradation  of  sensitive  surfaces  used  in 

optical  and  thermal  control  systems  are  attributal  to  the  interaction  of 

spacecraft  with  this  ambient  hot  plasma,  and  these  effects  are  especially 

serious  for  the  newer  satellite  systems  designed  to  function  in  orbit  for  a 

decade  or  longer.  Recent  energetic  ion  mass  spectrometer  observations  have 

shown  that  the  hot  nagnetospheric  plasma  in  the  energy  range  from  about  100  eV 

to  about  30  keV  contains  a  large  and  variable  0*  fraction  which  is  essentially 

all  of  ionospheric  origin.  The  other  principal  constituent  is  F  which  can  be 

4-  4 

either  of  ionospheric  or  solar  wind  origin.  The  0  /H  ratio  of  the  plasma  is 
an  Important  parameter  In  modelling  the  spacecraft-plasma  interactions  to 
attempt  to  predict  the  magnitude  of  the  above  described  effects.  This  report 
reviews  the  mass  spectrometer  observations  by  the  International  Sun  Earth 
Explorer  (ISEE-1)  and  the  Spacecraft  Charging  at  High  Altitudes  (SCATHA) 
satellites  and  examines  the  data  for  various  signatures  of  the  plasma  sources. 
The  relative  contributions  of  the  ionosphere  and  the  solar  wind  to  the  plasma 
density  are  estimated  in  the  altitude  range  from  about  25,000  to  70,000  km  on 
‘the  basis  of  the  ion  composition.  It  is  found  that  the  ionosphere  is  an 
laportant  or  dominant  source  during  both  quiet  and  storm  time  conditions. 
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ABSTRACT 

Energetic  lea  composition  uessuranenrs  here  new  Been  performed  free  earth  orbiting  sstel- 
lltea  for  oore  then  e  Secede.  As  early  ee  1972  we  knew  that  eeer|ttlc  (keV)  lone  ef  terres¬ 
trial  origin  represented  a  ooo-negHglble  component  of  the  store  tlee  ring  current.  He  have 
eow  aeaeebled  a  significant  Body  of  knowledge  concerning  energetic  Ion  con position  through¬ 
out  ouch  of  the  earth'a  nagnetosphere.  He  know  that  terrestrial  Ions  are  a  eoeoon  cenponent 
ef  the  hot  equatorial  nagnetoopharlc  plaana  In  the  ring  enrrent  and  the  plaena  sheet  our  to 
i  23  IL.  During  periods  of  enhanced  geenagnetlc  activity  this  cenponent  nay  Becone  foml- 
nant.  There  ie  also  clear  evidence  that  the  terrestrial  cenponent  (specifically  0  )  Is 
strongly  dependent  on  solar  cycle.  Terrestrial  ion  source,  transport,  and  acceleration  re- 
glona  have  been  identified  In  rhe  polar  auroral  region,  over  the  polar  raps.  In  the  esgne- 
rospherlc  boundary  layers,  and  within  rhe  nagnetotail  lobes  and  plaana  sheer  boundary  layer. 
Conblning  our  present  knowledge  of  these  various  nagnetospherlc  Ion  populations.  It  Is  con¬ 
cluded  that  the  primary  terrestrial  Ion  circulation  pattern  associated  with  enhanced  geomag¬ 
netic  activity  Involves  direct  Injection  from  the  auroral  ion  acceleration  region  Into  the 
plasma  sheet  Boundary  layer  end  central  plasms  sheet.  The  observed  terrestrial  component  of 
rhe  magnet os pherlc  Boundary  layer  and  nagnetotail  lobas  are  Inadequate  to  provide  the 
required  influm.  They  may,  however,  contribute  eignif lcantly  to  the  maintenance  of  rhe 
plasma  sheet  terrestrial  Ion  population,  particularly  during  periods  ef  reduced  geomagnetlj 
activity.  It  la  further  concluded ^ on  rhe  hauls  of  rhe  relative  energy  dlarrlburlons  of  1 
and  0  is  the  plasma  sheet,  that  O  probably  contributes  significantly  to  the  ring  current 
population  at  energies  Inaccessible  re  present  loo  composition  Instrumentation  (3  30  kaV). 

UmtODUCTlOH 

The  fact  that  Iona  of  terrestrial  origin  might  represent  n  non-negliglble  component  of  the 
hot  magnetospherlc  plasmas  uas  first  reported  more  than  a  decode  ago  III .  These  asrly  hot 
plasma  composition  measurements  were  acquired  from  a  low  altitude  polar  orbiting  satellite 
and  mere  sensitive  only  Jo  the  precipitating  eooponent  of  the  loo  distributions.  While  pre¬ 
cipitating  heavy  Iona  (0  ),  inferred  to  ba  of  terrestrial  origin,  mere  unambiguously  Identi¬ 
fied  In  association  with  both  awgnetlc  storms  /2,3/  and  subatorna  /4 /,  specific  knowledge  of 
eource  locations,  acceleration  processes ,  and  circulation  pnttorna  were  lacking. 

A  terrestrial  Ion  outflow  la  the  fan  of  the  polar  wind  wee  predicted  /S /,  and  observed  It/, 
but  this  outflow  eufforod  In  two  ways  eu  the  potential  eource  of  the  observed  precipitating 
energetic  lone,  first,  Shis  classical^  polar  jind  differed  In  composition  from  the  observe^ 
energjrlc  lone.  It  one  dominated  by  H  and  He  while  Che  energetic  lone  were  dominated  by  II 
and  O  .  Second,  the  polar  wlod  ion  temperature  wee  espected  to  be  only  of  the  order  of  eV; 
thus,  the  higher  (several  keV)  temperature  of  rhe  precipitating  tons  could  nor  have  been 
achieved  through  oimplo  adiabatic  basting  of  rblo  source  through  the  convection  process. 
Additional  acceleration  or  boating  mould  be  required.  The  first  direct  observation  of 
energetic,  terrestrial  ton  outflow  was  provided  by  the  eccentric  polar  orbiting  S3- 3  satel¬ 
lite,  which  detected  keV  H  and  0  Ions  flowing  owtward  along  auroral  fltld  lines  /7 /. 
•  further  adiabatic  energisation  of  Ions  injected  late  the  plooao  sheet  at  thane  energies 
-could  easily  account  for  thn  energy  of  the  loos  observed  to  bo  precipitating  at  lower 
latitudes  during  magnetic  etoraa. 

Starring  in  the  late  1970a  several  apacecrafc  (CE0S-1,  CE0S-2,  ISEE-I,  SCA7UA)  carrying 
energetic  ion  mass  spectrometers  were  launched  lore  near  equatorial  orbits  providing  Ion 
conpostrion  dots  from  a  fow  R_  (earth  radii)  to  23  R_.  Ions  of  rorroatrlol  origin  were 
fownd  to  bo  as  laportaat  constituent  of  most  hot  plasma  regimes  within  tha  nagnetosphere. 
Including  the  stern  time  ring  currant  /S— 1 1 / ,  the  quiet  tine  ring  current  /12,J3/,  the 
pleema  sheet  boundary  layer  /I4 /  and  the  nagnetotail  lobes  /IS, 16/.  Terrestrial  Ions  were 
also  detected  In  the  low  lotlrwdo  nognetospherlc  boundary  layer  /!4,!7/.  Ion  composition 
naaouromonta  from  the  highly  ocean trie  high  latitude  PBOCNOZ-7  spacecraft  have  shown  that 
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Mass  Composition  of  Substorm-Related  Energetic  Ion  Dispersion  Events 

R.  J.  Strangeway  and  R.  G.  Johnson 

Lockheed  Palo  Alio  Research  Laboratory ,  Palo  Alto,  California  94304  -  ~~ 

The  Lockheed  ion  buss  spectrometer  flown  onboard  the  SCATHA  (P78-2)  spacecraft  is  used  to 
—  study  the  mass  composition  of  two  ion  oisp(rsion  events.  The  energy-dispersed  ions  are  observed  over 

the  Kill  energy  range  of  the  instrument  (0. 1-32  keV/q)  in  the  noon-dusk  local  time  sector.  On  one  of  the 
days.  March  22  (day  811  1979.  the  dispersing  ions  are  first  observed  following  an  isolated  substorm  A 
long  period  of  low  magnetic  activity  is  present  prior  to  the  substorm  on  this  day,  and  a  decrease  in  Dst 
is  observed  following  the  first  observation  of  the  dispersing  ions.  On  the  second  day  studied.  June  7 
(day  138).  1979,  the  correlation  between  ground  magnetic  activity  and  initial  observation  of  dispersing 
ions  is  not  so  clear,  since  the  dispersion  follows  a  period  of  high  magnetic  activity.  Both  dispersion 
events  foRow  a  marked  reduction  in  the  preexisting  near-geosynchronous  plasma  near  the  noon  sector. 

The  mass  composition  shows  that  although  there  are  similarities  in  the  dispersion  for  both  protons  and 
oxygen,  there  are  also  distinct  differences.  Both  species  show  a  definite  dispersion  ridge,  but  the 
protons  also  have  additional  fluxes  at  energies  greater  than  the  dispersion  ridge  energy.  It  is  proposed 
that  the  composition  changes  are  attributed  to  localized  injection  of  ionospheric  plasma  in  the  dusk- 
midnight  sector,  with  proton-rich  plasma  sheet  ions  convecrmg  past  the  spacecraft  from  larger  radial 
distances.  By  using  the  ability  to  scan  in  pitch  angle,  it  is  noted  that  there  are  both  pitch  angle  and  mass 
dependences  to  the  arrival  times  of  the  dispersing  ions.  Protons  at  30*  pitch  angles  arrive  at  the 
spacecraft  before  oxygen  ions  at  the  same  pitch  angle. 


I.  Introduction 

A  well-known  substonn-related  signature  at  near  geosyn¬ 
chronous  altitudes  in  the  equatorial  magnetosphere  is  ener¬ 
getic  panicle  injection.  DeForest  and  Mcllwain  (1971]  re¬ 
ported  observations  of  dispersing  'plasma  clouds'  for 
energies  <50  keV  bom  panicle  measurements  on  the  ATS  ? 
particle  spacecraft.  The  times  at  which  the  plasma  clouds 
were  detected  were  well  correlated  with  substorm  activity 
on  the  ground.  Mcllwain  (1972,  1974]  attributed  the  plasma 
clouds  to  electric  and  magnetic  field  drifts  bringing  particles 
sunward  bom  the  nightside  magnetosphere.  The  data  were 
used  to  develop  a  convection  electric  field  and  magnetic  field 
model,  which  was  used  to  trace  drifting  particle  trajectories 
backwards  in  time  to  a  source  location  that  was  close  to  the 
Maul  and  Mcltwain  [1974]  injection  boundary.  Hie  Mauk 
and  Mcllwain  injection  boundary  was  also  determined  by 
using  ATS  5  data,  the  position  of  the  boundary  being  given 
by  the  local  time  at  which  the  low-energy  ( <  100  eV)  part  of 
the  dispersing  plasma  was  first  encountered. 

Besides  the  experimental  observations  there  is  a  Urge 
body  of  theoretical  work  concerning  convection  and  drifts 
(see.  for  example,  Chen  (1970],  Stem  (1975],  Kivelson  and 
Southwood  [1975],  Ej'iri  (1978],  and  Kaye  and  Kivelson 
[1979]).  Akasofu  [1977]  gives  a  review  of  experimental  and 
theoretical  studies  of  magnetospheric  convection.  Arising 
from  these  and  other  studies,  one  viewpoint  is  that  the 
dispersing  ions  (and  electrons)  are  a  result  of  modifications 
to  the  magnetospheric  convection  system,  producing  a 
movement  to  lower  altitude  of  plasma  sheet  particles.  The 
Mauk  and  Mcllwain  injection  boundary  is  often  taken  to 
mark  the  location  of  the  injected  particles  at  the  time  of 
substorm  onset. 

Moore  et  at.  (1981]  have  investigated  several  substorm- 
related  injections  by  using  data  from  ATS  6  and  SCATHA 
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(P78-2).  From  their  analysis,  they  proposed  that  at  the  time 
of  substorm  onset  an  'injection  front'  of  energetic  particles 
propagates  earthward  from  the  plasma  sheet.  The  passage  of 
the  injection  front  over  the  spacecraft  is  marked  by  a  near 
dispersionless  increase  in  panicle  fluxes.  The  injection  front 
is  accompanied  by  a  compression  wave,  and  this  wave  has 
the  tendency  to  steepen  gradients  in  the  plasma  as  the 
injection  front  propagates  inward,  resulting  in  a  sharp  inner 
boundary.  Moore  et  at.  conclude  that  the  Mauk  and  Mcll¬ 
wain  injection  boundary  'is  not  the  site  of  dynamic  injections 
but  does  mark  the  approximate  inner  limit  of  substorm 
activity.'  Their  conclusion  was  supported  by  the  fact  that  the 
injection  fronts  were  observed  tailward  (that  is  at  larger 
radial  distance  and  later  in  local  tin-  of  the  Mauk  and 
Mcllwain  injection  boundary. 

Thus  far,  only  two  preliminary  reports  have  been  made  on 
observations  of  the  mass  composition  of  ion  dispersion 
events  [ Balsiger  el  at..  1982;  Johnson  el  at..  19821  In  this 
paper  we  investigate  mass  dependent  characteristics  in  two 
ion  dispersion  events  as  observed  at  the  SCATHA  orbit  by 
using  the  Lockheed  ion  mass  spectrometer.  We  shall  show 
that  the  dispersion  events  are  associated  with  substorm 
activity,  and  that,  as  is  expected,  the  dispersing  ions  origi¬ 
nated  in  the  dusk-midnight  sector  near  the  time  of  substorm 
onset.  Since  the  mass  spectrometer  can  discriminate  be¬ 
tween  protons  and  oxygen,  we  can  begin  to  address  the 
question  of  the  source  of  the  dispersing  plasma  That  the 
oxygen  signature  has  differences  from  the  proton  signature 
may  have  implications  on  the  model  proposed  by  Moore  et 
al  We  show  that  a  local  injection  of  ionospheric  plasma  near 
the  time  of  substorm  onset  can  explain  some  of  the  signa¬ 
tures  in  the  energetic  ion  spectra  for  different  masses 

2.  Instrumentation  and  Data  Acquisition 

The  data  presented  in  the  next  section  were  acquired  b> 
using  the  Lockheed  ion  mass  spectrometer  flown  onboard 
the  SCATHA  (P78-2)  spacecraft.  A  more  detailed  descrip¬ 
tion  of  the  instrutr-  it  and  orbital  parameters  is  given  by 


2057 


GEOPHYSICAL  RESEARCH  LETTERS,  VOL.  10,  NO.  7,  PAGES  549-552,  JULY  1983 


ON  THE  INJECTION  BOUNDARY  MODEL  AND  DISPERSING  ION 
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R.  J.  Strangeway  and  R.  G.  Johnson 
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Abstract  A  simple  panicle  drift  model  is  used  to  investigate  the 
applicability  of  the  injecnon  boundary  concept  to  the  ion  dispersion 
event  observed  on  March  22  (day  81),  1979.  The  model  consists  of  a 
dipole  magnetic  field  with  a  uniform  cross-tail  electric  field  plus  a 
cocot  anon  field.  A  full  spectrum  of  panicles  from  tOOeV  to  32  keV  is 
injected  at  the  Kp  «  6-  Mauk  and  Mcllwain  injection  boundary  at 
(he  time  of  substorm  onset  on  this  day  (1100  UT).  A  new  approach  is 
presented  for  displaying  the  model-produced  ion  drift  trajectories  to 
make  the  large  scale  spatial  characteristics  of  the  evolving  energy  dis¬ 
tributions  easier  to  envision  and  to  facilitate  the  comparison  of  the 
model  results  with  experimental  observations.  The  resultant  predic¬ 
tion  for  the  dispersion  signature  is  compared  with  Scatha  mass  spec¬ 
trometer  measurements,  and  a  2.0  kV/Rt  cross-tail  consection  elec¬ 
tric  field  is  found  to  gise  a  good  fit  to  the  obsersed  dispersion 
signature.  It  is  determined  that  for  this  particular  event,  injection 
only  at  that  portion  of  the  injection  boundary  close  to  1800  local  time 
is  required  to  produce  the  dispersion  curse. 

Introduction 

Much  work  has  been  carried  out  on  magnetospheric  plasma  convec¬ 
tion  and  the  associated  panicle  signatures.  Chen  { 1 9701  and  Cowles 
and  Ashour-Abdalla  ( 1976],  amongst  others,  have  calculated  drift  tra¬ 
jectories  for  ions  in  the  earth's  magnetosphere.  From  steadv-state  drift 
analyses  such  as  these,  proton  nose  events  (Smith  and  Hoffman  11974]  j 
have  been  explained  as  a  consequence  of  drift  trajectors  morphology . 
On  the  other  hand  DeFores:  and  Mcllwain  1 1971)  have  reported  obser¬ 
vations  of  dispersing  panicle  signatures  at  geoshnehronous  altitude 
associated  with  substorms.  These  signatures  are  usually  considered  to 
be  associated  with  impulsive  changes  in  the  magnetosphere.  As  a  conse¬ 
quence  the  substorm-related  injection  boundary  model  as  first  formu¬ 
lated  by  Mauk  and  Mcllwain  1 1974]  has  frequently  been  used  as  a  sign¬ 
ing  point  when  discussing  dispersion  signatures. 

There  is  still  some  controversy  concerning  the  nature  and  possible 
existence  of  the  injection  boundary  For  example.  Kaye  and  Kivelson 
|I979]  hate  modeled  substorm-related  particle  signatures  using 
steady  state  convection  boundanes  in  their  initial  conditions.  These 
boundaries  have  a  radial  dependence  as  a  function  of  energy,  whereas 
the  injection  boundary  implies  a  co-located  source  for  all  energies. 
Taking  elements  from  both  these  models.  Moore  et  al.  (1981]  argued 
that  the  injection  boundarv  marks  the  innermost  excursion  of  a  sub- 
storm  related  shock  front  which  is  propagating  from  the  plasma  sheet 
to  lower  L-shells.  Strangeway  and  Johnson  (1983]  have  suggested, 
from  mass  composition  data,  that  there  may  be  enhanced  ionospheric 
plasma  injected  into  the  magnetosphere  near  the  injection  boundary 
Their  conclusion  is  not  definitive,  in  that  mass  dependent  radial 
gradients  in  the  plasma  sheet  may  alone  be  responsible  for  the  com¬ 
position  differences  observed  in  the  dispersing  ion  signatures  Never¬ 
theless  one  tnav  speculate  that  an  inward  propagating  shock  from  will 
perturb  the  ionosphere,  possibly  through  field-aligned  currents,  and 
to  result  in  enhanced  deposition  of  ionospheric  plasma  into  the 
magnetosphere. 

In  this  letter  we  present  some  initial  results  of  an  investigation  into 
the  usefulness  of  an  tniecnon  boundary  model  for  producing  the  ion 
energy-time  dispersion  signatures  observed  near  geosynchronous  alti¬ 
tudes  In  addition,  we  present  a  new  approach  for  displaying  the 
model-produced  ion  drift  trajectories  which  makes  the  large  scale 
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spatial  characteristics  of  the  evolving  ion  energy  distributions  easier 
to  envision  and  facilitates  the  comparison  of  the  model  results  with 
energy-time  spectrograms  of  the  experimental  data.  The  results  from 
a  simplified  injection  boundary  model  are  compared  with  the  ion  dis¬ 
persion  event  observed  on  22  March  (day  81)  1979  This  event  has 
been  analyzed  and  discussed  by  Strangeway  and  Johnson  ( 1983),  but 
no  detailed  model  comparisons  were  made  Vie  have  chosen  to  fur¬ 
ther  analyze  this  event  since  22  March  1979  is  a  day  which  has  been 
the  subject  of  a  major  research  effort  arising  from  the  Sixth  Coordi 
nated  Data  Analysis  Workshop  (CDAW-6).  The  data  presented  in 
this  letter  were  acquired  from  the  Lockheed  mass  spectrometer  flown 
on  board  the  near  geosynchronous  Scatha  spacecraft  The  ion  mea¬ 
surements  cover  the  energy  range  from  0  1  to  32  keV  in  24  energv 
steps,  and  only  proton  and  oxygen  data  are  discussed  here  For  a 
more  detailed  description  of  the  mass  spectrometer  characteristics 
and  of  the  Scatha  spacecraft  orbit  (L  *  5-8),  see  Kaye  et  al  |!9SI] 

Dispersion  Model 

A  very  simple  model  for  the  drifi  path  calculat'on  has  been 
employed.  The  basic  formulae  used  have  been  given  by  Chen 
(I970J  and  Cowley  and  Ashour-Abdalla  (1976]  To  summarize, 
we  use  a  dipole  magnetic  field  model,  wuh  a  uniform  cross-t a> ! 
electric  field  plus  a  corotanon  electric  field  No  corrections  due 
to  shielding  or  magnetic  field  distortion  have  been  included  in, 
the  model  calculations  we  trace  drift  paths  forward  m  time  tor 
an  ensemble  of  ions  starting  at  128  locations  on  the  Mauk  ano 
Mcllwain  injection  boundary  for  kp  «  6-  The  boundarv  was 
truncated  at  1800  and  2400  LT.  This  boundary  was  chosen  since 
Kp  was  equal  to  6-  at  1055  UT  on  March  22.  1979  when  a  sub- 
storm  occurred  (Strangeway  and  Johnson  (I983|)  At  each  partic¬ 
ular  location  the  drift  paths  for  96  different  energy  particles  are 
traced.  The  energies  are  equally  spaced  on  a  logarithmic  scale 
from  100  eV  to  32  keV,  which  is  the  energy  range  of  the 
Scatha  mass  spectrometer.  For  the  particular  evem  under  consid 
eration  we  have  calculated  drift  paths  for  90‘  equatorial  pitch  an¬ 
gle  panicles.  It  should  be  noted  that  we  have  assumed  an  impul¬ 
sive  injection  of  particles  at  the  boundary  coincident  with  the 
substorm  onset,  and  no  aadmonai  particles  are  included  in  the 
model  subsequent  to  this  time 

Figure  1  shows  the  results  of  the  drift  path  calculation  with  2  0  kv 
R,  cross-tail  convection  field.  There  is  a  large  amount  of  inlormanon 
shown  in  this  figure.  Firstly  the  figure  consists  of  16  panels,  each  ot 
which  contains  a  snap-shot  of  the  particle  positions  at  a  particular 
time,  the  times  are  given  in  the  upper  right  hand  corner  of  each  panel, 
starting  at  1 100  UT  (near  the  time  of  substorm  onset  on  March  22. 
1979).  until  144?  UT  at  15  minute  intervals  The  convection  field 
sirengih  i»  given  in  ibe  upper  left  hand  cornrr  oi  each  panel  A  nominal 
magnetopause  location  is  given  by  the  yellow  curve  to  the  lett  of  each 
panel,  with  the  half  illuminated  circle  giving  the  location  of  the  earth 
The  small  cross-hair  indicates  the  Scatha  spacecraft  location  as  deter¬ 
mined  from  the  ephemeris  information  for  March  22  (dav  81 ).  1979. 
projected  into  L  and  local  time  (LT).  As  the  cross-hair  encounters  ihe 
drilling  ions,  the  color  changes,  so  that  the  spacecrali  location  is  al¬ 
ways  given  in  complementary  color  as  shown,  for  example,  in  the  first 
panel,  second  row .  In  the  same  panel  some  small  white  dots  are  present 
on  the  lower  energy  edge  (blue)  of  the  drifting  plasma  cloud  These 
dots  mark  the  location  on  the  original  injection  boundary  of  the  ions 
which  areat  the  Scatha  spacecraft  locational  this  time  In  addition,  we 
also  build  up  a  pseudo-spectrogram  in  the  box  in  the  lower  right-hand 
side  of  each  panel  The  color  coding  of  ihe  dispersion  signature  ihuv 
produced  is  not  a  flux  level,  bui  is  onlv  go  en  lor  reference  to  the  color 
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Energetic  Ion  Mass  Composition  as  Observed  at  Near-Geosynchronous  and 
Low  Altitudes  During  the  Storm  Period  of  February  21  and  22,  1979 
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Mass  composition  <Uu  Acquired  during  the  storm  period  of  February  21  And  22,  1929.  Alt  presented 
end  analyzed  The  data  were  obtained- from  the  near -geoiynchron  out  SCATHA  spacecraft  And  the 
polar-orbiting  S3-3  spacecraft  at  altitudes  below  8000  km  The  data  from  both  spacecraft  show  that 
significant  amounts  of  ionosphere  plasma  were  observed  to  be  injected  around  the  main  phase  of  the 
two  storms  on  February  21.  1979.  At  geosynchronous  altitudes  the  increase  in  ionospheric  plasma  was 
found  to  be  significant  in  both  number  density  and  energy  density.  Moreover,  multiple  dispenionlike 
signatures  in  the  particle  spectrograms  were  observed  during  the  second  storm,  indicating  that  this 
plasma  was  recently  injected  into  the  magnetosphere.  At  lower  altitudes  the  S3- 3  data  also  showed 
significant  enhancements  of  ionospheric  plasma,  as  determined  from  number  density  data  It  was  found 
that  the  density  enhancement  in  the  plasma  population  moved  to  progressively  lower  L  shells  dunng  the 
recovery  phase  of  the  storms  As  it  is  unlikely  that  the  plasma  is  injected  at  the  point  of  observation,  at 
least  dunng  the  recovery  phase,  we  consider  drift  effects  to  be  responsible  for  this  signature  We  hence 
summarize  some  of  the  simpler  convection  theory,  specifically  addressing  the  dependence  of  the  bound¬ 
aries  between  drift  regimes  as  a  function  of  L  shell  To  do  this,  a  steady  state  convection  model  has  been 
employed,  but  we  assume  that  this  -steady  state'  only  applies  dunng  the  recovery  phase  of  the  storm. 

Since  we  consider  shielding  to  be  important  only  later  in  the  recovery  phase,  it  is  further  assumed  that 
the  cross-tail  electric  field  is  uniform.  On  comparing  the  data  with  the  convection  boundaries  we  find 
that  we  can  usually  choose  a  cross-tail  electric  field  strength  which  models  the  partide  signatures  quite 
closely  The  major  feature  present  in  the  panicle  spectra  it  an  energy -dependent  minimum  which,  we 
presume,  marks  those  ions  that  other  have  been  lost  or  drift  to  slowly  that  they  arc  not  observed  at  the 
spacecraft.  As  a  consequence  of  the  comparison  of  the  S3- 3  particle  signatures  with  the  predicted 
convection  boundaries,  we  find  that  the  apparent  movement  to  lower  L  shells  of  the  density  enhancement 
dunng  the  recovery  phase  is  due  to  time  of  Sight  effects  on  a  low-energy  plasma  population  at  these  L 
shells  (below  L  «  4).  Tune  of  Sight  also  implies  that  these  ions  were  in  the  morning  local  tune  sector  at 
the  tune  of  the  main  phase  of  the  storms.  At  the  same  time  that  these  low-energy  ions  drifting  eastward 
are  observed,  large  numbers  of  ions  con  veering  westward  are  also  seen  This  plasma  population  contains 
a  large  amount  of  ionospheric  plasma  Furthermore,  the  ionospheric  plasma  as  labeled  by  singly  charged 
oxygen  appears  to  have  been  injected  over  quite  a  large  range  m  local  time  dunng  the  first  storm. 

However,  the  proton  signatures  imply  that  most  of  the  protons  observed  at  the  higher  L  shells  were 
confined  to  the  nightside  sector  dunng  the  main  phase  of  the  storm.  While  there  arc  many  similar 
features  associated  with  the  second  storm  in  the  S3- 3  data,  the  oxygen  ions  display  a  signature  consistent 
with  injection  only  in  the  nightside  magnetosphere.  This  is  in  agreement  with  the  SCATHA  observations 
where  the  partide  spectra  show  multiple  dispersion  signatures. 


I.  Introduction 

Dunng  times  of  high  magnetic  activity,  significant  changes 
are  known  to  occur  within  the  earth's  magnetosphere.  Specifi¬ 
cally.  the  ring  current  panicle  population  is  known  to  be  mod¬ 
ified  at  these  times  as  shown  by  the  Dsr  index  and  by  direct 
measurements  of  the  energetic  particle  populations.  It  has 
been  argued  by  Lyons  and  Williams  [  1980]  that  the  increase  in 
the  ring  current  population  at  storm  times  can  be  explained 
by  inward  convection  of  the  preexisting  plasma  population. 
Mass  composition  data,  however  [Johnson  el  al ,  1977;  Balsi- 
per,  1981;  Johuon,  1981;  Lennartsson  et  al ,  1981;  Hultqvist, 
1982;  Lmdin  et  al,  1982c;  Young  et  al,  1982],  indicate  that 
there  is  a  change  in  the  composition  of  the  lower -energy  ( <  17 
keV/q)  ring  current  population  during  times  of  increased  geo¬ 
magnetic  activity,  and  it  has  been  deduced  that  there  is  an 
enhanced  injection  of  ionospheric  plasma  into  the  mag- 
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netosphere  during  storm  tunes.  Presumably,  the  increase  in 
the  ring  current  signature  as  observed  at  the  ground  is  due  to 
both  these  processes  occurring  at  the  same  time;  that  is.  en¬ 
hanced  inward  convection  of  the  preexisting  trapped  popu¬ 
lation  together  with  an  overall  increase  in  the  particle  popu¬ 
lation  due  to  injection.  Although  the  relative  contribution  of 
the  two  processes  to  the  storm  time  ring  curent  remains  to  be 
determined  quantitatively,  Johnson  [1981]  and  Johnson  et  al 
[1 983]  have  argued  that  in  some  storms  the  ionospheric  com¬ 
ponent  will  be  an  important  contributor  to  the  ring  current 
energy  density  because  of  the  buildup  of  the  ionospheric  com 
ponent  in  the  hot  plasma  population  prior  to  the  mam  nng 
current  injection  process 

Mats  composition  data  are  a  useful  indicator  in  assessing 
the  relative  significance  of  both  processes.  Unfortunately,  most 
storm  time  mats  composition  data  is  restricted  either  to  the 
lower-energy  component  of  the  ring  current,  typically  less 
than  17  keV/q,  or  to  energies  of  the  order  of  1  MeV  [e  g, 
Spjeldoik  and  Fritz ,  1981c,  b].  Nevertheless,  much  can  be 
learned  concerning  the  effects  of  injection  and  convection  on 
the  magnetospheric  ion  population  using  sucb  data.  Strange- 
way  and  Johnson  [1983],  for  example,  have  investigated  the 
mass  composition  of  ion  dispersion  events  as  observed  at  the 
sear-geosynchronous  SCATHA  spacecraft  orbit.  It  was  found 
that  the  dispersing  ions  showed  features  within  the  compo- 
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